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DESCRIPTION 

5 ' SOLUBLE RECEPTOR BR43x2 

BACKGROOND OF THE INVENTION 

Cellular interactions which occur during an 
immune response axe regulated by meabers of several 
3.0 families of ceU . surface receptors, including the tumor 
necrosis factor receptor . (TNFR) family. The TNFR family 
consists of a number of integral membrane glycoprotein 
receptors many of which, in conjunction with their 
respective ligands, regulate interactions between 
IS different hematopoietic cell lineages (Smith et al., The 
" Receptor Superbly o f Cellular m y lra i p ra f^ ns . 

Activati on, — Costimulati on and Death . 76:959-62, 1994; 
Cosman, Stem Cells 12 : a^o-«;n r 1594). 

One suc h receptor is TACI, transmembrane 
20 activator and CAML-interactor (von bOIok and Bram, Science 
22B.-13B-41, 1997 and W1PO Publication BO 98/39361) . TACI 
is a membrane bound receptor having a „ extracellular 
domain containing two cysteine-rich pseudo-repeats, a 
transmembrane domain and a cytoplasmic domain that 
25 interacts with CAML (calcium-adulator and cyclophilin 
ligand) , an integral niembrane protein located ' at 
intracellular vesicles which is a co-inducer of BF-AT 
activation when overexpressed in Jurkat cells. TACI is 
associated with B cells and a subset of T cells. von 
30 SQlow and Bram (ibid., report that the UjM(| fQr ^ ^ 
not known. 

The polypeptides of the present invention, a 
TACI isofora having only one cysteine-rich pseudo-repeat 
(BR«x2), TACI and a related S cell protein, BCMA (Gras et 
35 aI " jnt- Iw-umpl . 13:1093-106, 1995) were found to bind 
to the THF ligand, ztn f4, now know as neutroicine a (HIPO 
Publication, HO 98/18921). As such, TACI, BR43x2 and BCMA 
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would be useful to regulate the activity of ztnf4 
(ncutrckine a) in particular, the activ^on 0 f b cells. 

Towards this end, the present invention provides 
protein therapeutics for modulating the activity of ztn£4 
5 Ineutrofcine a), related compositions and methods as well as 
other uses that should be apparent to those skilled in the 
art from the teachings herein* 

BRIEF DESCRIPTION OF THE DRAWING 

Jo 10 

WV The figure shows a multiple amino acid sequence 

alignment between BR43x2, TACI (von BtUow and Bram, ibid.) 
IH (S£Q 10 N0;5) f BCMA {Gras et al. r ibid .) tSEQ ID miS) and 

W BR43xl {SEQ ID NO:7) . The cysteine-rich pseudo repeats 

t 15 and transmembrane domain are noted. 

SUMMARY" OF THE INVENTION 
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Within one aspect the present invention provides 
an isolated polynucleotide molecule encoding a polypeptide 
having the sequence of SEQ ID NO: 4. Within one embodiment 
the polynucleotide is selected from the group ■ consisting 
of: a) the polynucleotide sequence of SEQ ID HO: 3; b) a 
degenerate polynucleotide sequence of a) ; and c) 
25 polynucleotide sequence complementary to a] ox b) . Within 
another embodiment the polypeptide further comprising a 
transmembrane domain and a cytoplasmic domain consisting 
of amino acid residues 121-247 of SEQ ID NO: 2. Within yet 
another embodiment the polypeptide further comprises an N- 
30 terminal or C-terminai affinity tag. Within a related 
embodiment the affinity tag Is maltose binding protein, 
polyhistidine, Asp Tyr Lys Asp Asp Asp Asp Lys (SEQ ID 
HOrllJ or Glu Glu Tyr Mat Pro Met Glu (SEQ ID NO:12K 

The invention al3o provides an isolated 
35 polynucleotide molecule encoding a polypeptide consisting 
of an amino acid sequence of SEQ ID HO:B. 
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Within a another aspect the invention provides 
an expression vector comprising the following oper&biy 
linked elements: a transcription promoter; a 
polynucleotide molecule according to claim 1; and a 
S transcription terminator. Hithin one embodiment the 
expression vector further comprises a secretory signal 
sequence operably linked to said polynucleotide molecule, 
Kithin another embodiment is provided a cultured cell into 
which has been introduced the expression vector described 

10 herein, wherein the cultured cell expresses said 
polypeptide encoded by said polynucleotide segment. 
Within another embodiment is provided a method of 
producing a polypeptide comprising: culturing a cell into 
which has been introduced an expression vector as 

15 described herein; vhereby said ceil expresses said 
polypeptide encoded by said polynucleotide molecule; and 
recovering said expressed polypeptide* - 

Within another aspect the invention provides a 
20 polynucleotide encoding a fusion protein consisting 
essentially of a first portion and a second portion joined 
by a peptide bond, said first portion comprising a 
polypeptide having an amino acid sequence selected from 
the group consisting of: a) the sequence of SEQ ID NO: 4; 
or b) the sequence of SEQ XD NO: 8; and said second portion 
comprising another polypeptide. Hithin one embodiment the 
second portion is an immunoglobulin heavy chain constant 
region or an affinity tag. 

The invention also provides an isolated 
polypeptide having the sequence of SZQ ID tfOM, an 
isolated polypeptide having the sequence of SEQ XD N0;2, 
and an isolated polypeptide having the sequence of SEQ ID 
B0;B, Also provided are such polypeptides further 
comprising an affinity tag. Hithin a related embodiment 
35 the affinity tag is maltose binding protein, 
polyhistidine, Rsp Tyr Lys Asp Asp Asp Asp Lys (SEQ ID 
Will) or Glu Glu Tyr Met Pro Het Glu {SEQ ID NO;12). 
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The invention also provides a fusion protein 
consisting essentially of a first portion and a sec»nrt 
portion joined by a peptide bond, said first portion 
comprising a polypeptide having an amino acid sequence 
S selected from the group consisting of: a) the sequence of 
SEQ ID NO: 4; or b) the sequence of SEQ ID H0;&; and said 
second portion comprising another polypeptide. Within one 
embodiment the second portion is an immunoglobulin heavy 
chain constant region. 
10 The invention further provides a pharmaceutical 

composition comprising a polypeptide selected from the 
group consisting of: a) a polypeptide having the amino 
ft acid sequence of SEQ ID NO; 4; b) a polypeptide having the 

j*j and.no acid sequence of SEQ ID N0:$; and c) a fusion 

: 15 protein according the claim 18; in combination with a 

pharmaceutical^ acceptable vehicle, 

£1 

N! The invention also provides a method of 

^ inhibiting neutrokine a activity in a mammal comprising 

administering to said mammal an amount of a compound 
20 selected from the group consisting of; a) a polypeptide of 
S£Q ID N0:4; b) a polypeptide of SEQ ID N0:B; cj a fusion 
protein; d) a polypeptide of SEQ ID »0:5 from amino acid 
residue 1 to residue 1G6; e) a polypeptide of SEQ id H0:S 
from amino acid residue 1 to residue 150; f j * n antibody 
25 or antibody fragment which specifically binds to a 
polypeptide of SEQ ID NO: 4; and g) an antibody or antibody 
fragment which specifically binds to a polypeptide of SZQ 
ID NO:B. Within one embodiment the fusion protein is 
selected from the group consisting of: a} a fusion protein 
30 as described above; b> a fusion protein consisting 
essentially of a first portion comprising a polypeptide 
having an amino acid sequence from amino acid residue 1 to 
amino acid residua 166 of SEQ ID H0:5 joined to a second 
. portion comprising an immunoglobulin heavy chain constant 
35 region by a peptide bond; and c) a fusion protein 
consisting essentially of a first portion coniprising a 
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polypeptide having an amino acid sequence from amino acid 
residue 1 to amino acid residue ISO of SEO TO NO: 6 joined 
to a second portion comprising an immunoglobulin heavy 
chain constant region, by a peptide bond, ttithin another 
embodiment the antibody is selected fxon the group 
consisting of: a) polyclonal antibody; b} murine 
monoclonal antibody; c) humanised antibody derived from 
b) ; and d] human monoclonal antibody. Within a further 
embodiment the antibody fragment is selected from the 
group consisting of F(ab'), F(ab), Fab', Fab, Fv, scFv, 
and minimal recognition unit. Hi thin another embodiment 
the mammal is a primate. Within a related embodiment, the 
pre~B cell or B-cell cancer is selected from the group 
consisting of B call leukemias, B cell myelomas and 3 cell 
lymphomas. Within another embodiment the neutrofcine a 
activity is associated with antibody production. Within a 
related embodiment the antibody production is associated 
with an autoimmune disease. Within a further related 
embodiment .the autoimmune disease is systemic lupus 
erythomatosis, myasthenia gravis or rheumatoid arthritis* 

These and other aspects of the invention will 
become evident upon reference to the following detailed 
description. 

DETAILED DESCRIPTION OF THE INVENTION 

Prior to setting forth the invention, it may be 
helpful to an understanding thereof to set forth 
definitions of certain terms to be used hereinafter: 

Affinity, tag : is used herein to denote a 
polypeptide segment that can be attached to a second 
polypeptide to provide for purification or detection of 
the second polypeptide or provide sites for attachment of 
the second polypeptide to a substrate. In principal, any 
peptide or protein for which an antibody or other specific 
binding agent is available can be used as an affinity tag. 
Affinity tags include a poly-histidine tract, protein A 



(Nilsson et al,, tWBO J . i:1075 r 1985; Nilsson et al., 
Methods Enrymal . 105 :3, 1991), glutathione S transferase 
(Smith and Johnson, Gene 52:31, 1969), Glta-Glu affinity 
tag (Grussenmeyer et al., Froc * Mat! ■ Acad. Sci. USA 
S 82:7952-4, X985) r substance ?, Flag™ peptide (Hopp et al,, 
Biotechnology Stl204-10, 198B), streptavidin binding 
peptide, or other antigenic epitope or binding domain. 
See f in general, S*ord et al., Protein expression and 
Purification 2: 95-107, 1931. DMAs encoding affinity tags 

10 are available from commercial suppliers {e.g., Pharmacia 
Biotech, Fiscataway, NJ) . 

Allelic variant : Any of two or more alternative 
forms of a gene occupying the same chromosomal locus. 
Allelic variation arises naturally through mutation, and 

15 may result in phenotypic polymorphism within populations. 
Gene mutations can be silent {i.e., no change in the 
encoded polypeptide) , or may encode polypeptides having 
altered amino acid sequence. The tern "allelic variant" 
is also used herein to denote a protein encoded by an 

20 allelic variant of a gene. Also included are the same 
protein from the same species which differs from a 
reference amino acid sequence due to allelic variation* 
Allelic variation refers to naturally occurring 
differences among individuals in genea encoding a given 

25 protein. 

Amino- terminal and carboxyl- terminal: are used 
herein to denote positions within polypeptides and 
proteins* Where the context allows, these terms are used 
with reference to a particular sequence or portion of a 

30 polypeptide or protein to denote proximity or relative 
position* For example, a certain sequence positioned 
earboxyi-teminal to a reference sequence vithin a protein 
is located proximal to the carboxyl terminus of the 
reference sequence/, but is not necessarily at the carboxyl 

35 terminus of the complete protein. 



Compl ement/ anti-complement pair i Denotes non- 
identical moieties that form a non-covalently associated, 
stable pair under appropriate conditions. For instance, 
biotin and avidin (or streptavidin) are prototypical 
members qf a complement/anti-compleiaant pair. Other 
ejtemplary complement/antl-complement pairs include 
receptor/ligand pairs , antibody/antigen (or hapten or 
epitope) pairs, sense/antisense polynucleotide pairs, and 
the lifce. Where subsequent dissociation of the 
complement/ an ti-conipl anient pair is desirable, the 
c ompl emen t /an ti -compl ement pair preferably has a binding 
affinity of <10" 9 M. 

Contlg s Denotes a polynucleotide that has a 
contiguous stretch of identical or complementary sequence 
to another polynucleotide. Contiguous sequences are said 
to "overlap" a given stretch of polynucleotide sequence 
either in their entirety or aloDg-a partial stretch of the 
polynucleotide. For example, representative contigs to 
the polynucleotide sequence 5' -ATGGCTTAGCTT-3' are 5'~ 
TAGCTTgagtct-3' and 3' ~gtcgacTACCGA-$' . 

Complements of polynucleotide molecules : Denotes 
polynucleotide molecules* having a - complementary base 
sequence and reverse orientation as compared to a 
reference sequence. For example, the sequence 5' 
ATGCACGGG 3' is c ompl erne n tar y to 5* CCCGTGCAT 3*. 

Degenerate Nucleotide Sequence or Degenerate 

Sequence : Denotes & sequence of nucleotides that includes 
one or more degenerate codons {as compared to a reference 
polynucleotide molecule that encodes a polypeptide) . 
Degenerate codons contain different triplets of 
nucleotides, but encode the same amino acid residue (I.e., 
GAO and GAC triplets each encode Asp} ♦ 

Express! on vector : A DNA molecule, linear or 
circular, that comprises a segment encoding a polypeptide 
of interest operably linked to additional segments that 
provide for its transcription. Such additional segments 
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may include promoter and terminator sequences, and 
optionally one or more origins of replication, one or more 
selectable markers, an enhancer, a polyadenylation signal, 
and the like* Expression vectors are generally derived 
5 from plasmid or viral DNA, or may contain elements of 
both, - * 

Isoform: refers to different forms of a 
protein that may be produced from different genes or frott 
the same gene by alternate splicing. Xn some cases, 

10 isoforms differ in their transport activity, tirae of 
expression in development, tissue distribution, location 
in the cell or a combination of these properties. 

Isolated polynucleotide: denotes that the 
polynucleotide has been removed from its natural genetic 

15 milieu and i3 thus free of other extraneous or unwanted 
coding sequences, and is in a forta suitable for use within 
genetically engineered protein production systems. Such 
isolated molecules are those that are separated from their 
natural environment and include cDftft and genomic clones. 

20 Isolated OKA molecules of the present invention are free 
of other genes with which they axe ordinarily associated, 
but may include naturally occurring 5* and 3* untranslated 
regions such as promoters and terminators. The 
identification of associated regions will be evident to 

25 one of ordinary skill in the art {see for example, Dynan 
and Tijan, Nature 316 :774-75, 1995). 

^olate d _ polypeptide or protein : is a 
polypeptide or protein that is found in a condition other 
than its native environment r such as apart from blood and 

30 animal tissue. In a preferred form, the isolated 
polypeptide is substantially free of other polypeptides, 
particularly other polypeptides of animal origin. It i3 
preferred to provide the polypeptides in a highly purified 
form, i.e. greater than 95* pare, more preferably greater 

35 than 994 pure. When used in this context, the term 
"isolated" does not exclude the presence of the same 



polypeptide in alternative physical forms, such as dimers 
or alternatively glycosylated or derivat^ed fon&s, 

2S££5 ^X- linked : As applied to nucleotide 
segments, the term "operably linked" indicates that the 
segments are arranged so that they function in concert for 
their intended purposes, e.g., trans cripti-on initiates in 
the promoter and proceeds through the coding segment to 
the terminator. 

Ortholqg : Denotes a polypeptide or protein 
obtained from one species that is the functional 
counterpart of a polypeptide or protein from a different 
species. Sequence differences among orthologs are the 
result of speciation. 

Polynucleotide : denotes a single- or double- 
stranded polymer of deoxyribooucleotide or ribonucleotide 
bases read from the 5' to the 3' .end. Polynucleotides 
include RNA and DNA, and may be isolated from natural 
sources , synthesized in vitro, or prepared from a 
combination of natural and synthetic molecules. Si2es of 
polynucleotides are expressed as base pairs (abbreviated 
*bp"), nucleotides rnt"), or fcilobases rkb") . Where the 
context allows, the latter ' two terras may describe 
polynucleotides that are single-stranded or "double- 
stranded. When the term is applied to double-stranded 
molecules it is used to denote overall length and will be 
understood to be equivalent to the term "base pairs*/ It 
will be recognized by those slcilled in the art that the 
two strands of a double-stranded polynucleotide may differ 
slightly in length and that the ends thereof may be 
staggered as a result of enzymatic cleavage? thus all 
nucleotides within a double-stranded polynucleotide 
molecule may not be paired* Such unpaired ends will in 
general not exceed 20 nt in length* 

Polypeptide: Is a pol yiaar of amino acid residues 
joined by peptide bonds, whether produced naturally or 
synthetically. Polypeptides of less than about 10 amino 
acid residues are cctnmonly referred to as "peptides". 
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Promoter : Denotes a portion of a gene containing 
DKA sequences that provide for the binding of RNA 
polymerase and initiation of transcription. Promoter 
sequences are commonly, but not always, found in the 5' 
5 non-coding regions of genes. 

Protein : is a macromolecule comprising one or 
more polypeptide chains. A protein may also comprise -non- 
peptidic components, such as carbohydrate groups. 
^ Carbohydrates and other non-peptidic substituents may be 

y$ 10 added to a protein by the cell in which the protein is 
^ produced, and will vary with the type of cell. Proteins 

are defined herein in terms of their amino acid bacltbone 

Iff 



structures; substituents such as carbohydrate groups are 



y generally not specified, bat may be present nonetheless. 

CJ IS Receptor ; K cell-associated protein, or a 

P polypeptide subunit of such protein, that binds to a 

St bioaetive 'molecule tthe "ligand* 1 } and mediates the effect 

.jjj of the ligand on the cell. Binding of ligand to receptor 

results in a change in the receptor (and, in some cases r 
20 receptor multimerization, i.e., association of identical 
or different receptor subunits) that causes interactions 
between the effector domain (s) of the receptor and other 
molecule (a) in the cell. These interactions in turn lead 
to alterations in the metabolism of the cell. Metabolic 
25 events that are linked to receptor-ligand interactions 
| include gene transcription r phosphorylation, 

dephospborylation, cell proliferation, increases in cyclic 
AMP production , mobilization of cellular calcium, 
mobilization of membrane lipids, cell adhesion, hydrolysis 
30 of inositol lipids and hydrolysis of phospholipids. 
ER43x2 has characteristics of THF receptors, as discussed 
in more detail herein. 

Secre tor y signal sequence : A DNA sequence that 
encodes a polypeptide (a "secretory peptide") that, as a 
35 component of a larger polypeptide, directs the larger 
■ polypeptide through a secretory pathway of a cell in which 
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it is synthesized. The larger polypeptide is commonly 
cleaved to remove the secretory peptide during transit 
through the secretory pathway. 

Soluble receptor: A receptor polypeptide that is 
5 not bound to a. cell membrane. Soluble receptors are most 
commonly ligand-binding receptor polypeptides that lack 
transmembrane and cytoplasmic domains* Soluble receptors 
can comprise additional amino acid residues, such as 
affinity tags that provide for purification of the 

10 polypeptide ox provide sites for attachment of the 
polypeptide to a substrate. Many cell-surface receptors 
have naturally occurring, soluble counterparts that, are 
produced by proteolysis or translated from alternatively 
spliced mRNAs. Receptor polypeptides are said to be 

IS substantially free of transmembrane and intracellular 

polypeptide segments when they lack sufficient portions of 

these segments to provide membrane anchoring or signal 

transduction, respectively* 

Molecular weights and" lengths of polymers 

20 determined by imprecise analytical methods (e.g., gel 
electrophoresis) will be understood to be approximate 
values. When such a value is expressed as M about" X or 
* approximately" X t the stated value of X will be 
understood to be accurate to ±10%* 

25 All references cited herein are incorporated by 

reference in their entirety. 

The present Invention is based in part upon the 
discovery of a 1192 "bp SNA sequence (SEQ ID WO: I) and 
corresponding polypeptide sequence (SEQ ID HO; 2) which is 

30 "an lsoform of the receptor TACI. The isoform has been 
designated BR4 3x2. A soluble form of BR43x2 is disclosed 
in SEQ ID NOH, the polynucleotide encoding th& soluble 
receptor in SEQ ID HO:3, As is described In more detail 
herein, the Bft43x2 receptor-encoding polynucleotides and 

35 polypeptides of the present invention were initially 
identified by signal trap cloning using a huiaan RPKI 17B8 
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library and the N- or C-terminally FLAG-tagged, biotin- or 
FITC-Iabelsd tumor necrosis factor ligand ztnx*, »*ow kriown 
as neutxokine a (WIPO W098/1B921). Positive pools were 
identified by ligand binding, broken down to single 
clones, the cDNA isolated and sequenced. A comparison of 
the BR43k2 deduced amino acid sequence fas represented in 
SEQ ID NQ:2) with Joiowrs tumor necrosis factor receptors 
indicated that BR43x2 is an isoforro of TACI, having a 
single, poorly conserved, cysteine-rich pseudo-repeat* 

Structurally, the TNF receptor family is 
characterized by an extracellular portion composed of 
several modules called , historically, "cysteine-rich 
pseudo-repeats*. A prototypical TNFR family member has 
four of these pseudo-repeats, each about 29-43 residues 
long, one right after the other. A typical pseudo-repeat 
has 6 cysteine residues. They are called pseudo-repeats 
because, although they appear to originate from a common 
ancestral module , they do not repeat exactly; pseudo- 
repeats 11, f2, f3 and 14 have characteristic sequence 
features which distinguish them from one another. The 
crystal structure of the p55 THE" receptor revealed that 
each pseudo-repeat corresponds to one folding domain,- and 
that all four pseudo-repeats fold into the same tertiary 
structure, held together internally by disulfide bonds. 

TACI contains two cysteine-rich pseudo-repaat3 
(von BUlo* and Bram, ibid , ) , the first is conserved in 
structure with other members of the THF receptor family* 
the second is less conserved. The BR43x2 isoform of the 
present invention lacks the first TACI cysteine-rich 
pseudo-repeat r retaining only the second, less conserved 
repeat. 

Sequence analysis of a deduced araino acid 
sequence of BR43x2 as represented in SEQ ID N0:2 indicates 
the presence of a mature protein having an extracellular 
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domain {residues 1-120 d£ SEQ ID NO:2) which contains one 
cysteins-rich pseudo-repeat {residues 25-59 of SEQ ID 
NO;2), a transmembrane domain (residues 121-133 of SEQ ID 
NO: 2} and a cytoplasmic domain (residues 134*247 of SEQ ID 
5 NO:2), The cysteine- rich pseudo-repeat of BR43x2 has S 
conserved cysteine residues [residues 25, 40, 43, 47 r 54 
and 58 of SEQ 10 NQ:2), a conserved aspartic acid residue 
(residue 34 of SEQ ID NO: 2) and two conserved leucine 
residues (residues 36 and 37 of SEQ ID NO: 2) and shares 
10 46% identity with the first cysteine-rich pa eudo- repeat of 
-W TACI {SEQ ID 80:5} and 35% identity with the cysteine-rich 

gj pseudo-repeat of BCMA (SEQ ID N0:6). The cysteine -rich 



pseudo-repeat can be represented by the following motif; 

' 15 CX [ QEK] ( QEKNRDH5 J [QE] X f 0 - 2 } [ Y FW] [ YFW J DX1LX ( 2 } C ( IMLVJ XCX { 3 ) 

P CX[6-8}CXl2}[YrjC [SEQ 10*10:3), 

a 

wherein C represents the aziino acid residue 
£ 20 cysteine, Q glutamine, E glutamic acid, K lysine, H 

asparagine, R arginine, D aspartic acid, H histi&ine, s 
serine, Y tyrosine, F phenylalanine, tf tryptophan, L 
leucine, I isoleucine, V valine and X represents * any 
naturally occurring amino acid residue except cysteine. 
25 Afiiino acid residues in square brackets ^M" indicate the 
allowed amino acid residue variation at that position. 
The number in thB braces indicates the number of 

allowed ajnino acid residues at that position. 

The present invention also provides soluble 
30 polypeptides of from 32 to 40 amino acid residues in 
length as provided by SEQ ID K0;8* 

The soluble BK43x2 receptor, as represented by 
residues 1*120 of SEQ ID NO; 4, containing one cysteine- 
rich pseudo-repeat (residues 25-5B of SEQ ID NO; 4) * and 
35 lacks the transmembrane and cytoplasmic domains of BR43x2 
as described in SEQ ID WO: 2. 
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Those skilled in the art will recognise that 
these domain boundaries are approximate, and f»rfc based on 
alignments with known proteins and predictions of protein 
folding. These features indicate that the receptor 
encoded by the DNA sequences of SEQ ID HOs:l and 3 is a 
member of the TNF receptor family. 

Northern blot and Dot blot analysis of the 
tissue distribution of the mRNA corresponding to 
nucleotide probe3 to BR43xl which are predicted to detect 
BR43x2 expression, showed expression in spleen, lymph rtode, 
CD19+ cells, weakly in mixed lymphocyte reaction cells, 
Daudi and Raji cells. Osing reverse transcriptase PCR 
BR43xl was detected in B cells only and not in activated T 
cells as had been reported for TACI {von Bulow and Brain, 
ibid. 3 . 

The present invention also provides 
polynucleotide molecules, including DHA and SNA molecules, 
that encode the BR43x2 polypeptides disclosed herein. 
Those skilled in the art will readily recognize that, in 
view of the degeneracy of the genetic code, considerable 
sequence variation is possible among these polynucleotide 
molecules, SEQ ID tf0:3 is a degenerate DNA sequence that 
encompasses all DNAs that encode the soluble BRA 3x2 
polypeptide of SEQ ID NO: 4, Similarly, SEQ ID NO; 10 is a 
degenerate DUA sequence that encompasses all DMAs that 
encode the BR43x2 polypeptide of . SEQ ID NO:2. Those 
skilled in the art will recognize that the degenerate 
sequence of SEQ ID HD:10 also provides all RHA sequences 
encoding SEQ ID WO: 4 by -substituting U for T, Thus, 
BR43x2 polypeptide-encoding polynucleotides comprising 
nucleotide 1 to nucleotide 360 of SEQ ID NO: 9, nucleotide 
1 to 741 of SEQ 10 NO: 10 and their RHA equivalents are 
contemplated by the present invention. Table 1 sets forth 
the one-letter codes used vithin SEQ ID N0s:9 and 10 to 
denote degenerate nucleotide positions. ^Resolutions" are 
the nucleotides denoted by a code letter. ^Ccraip lenient" 
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indicates the code for the complementary nucleotide \s) 
For example, the code ¥ denotes either C or T, and it 
complement R denotes A or S, A being complementary to T 
and G being complementary to C. 



TABLE 1 



nucleotide Resolution Complement Resolution 

A A T T 

C C G G 

G G C C 

T T A A 

R At G Y CIT 

Y C|T R AIG 



# H A[C K GIT 

(H K SIT H A|C 

jjj S CjG S CIG 

Ul W AIT W A|T 

q B A1C1T 0 AjGfT 

fcA B CIGIT V AICIG 



0 

£ - D At G|? H AtCIT 



V AICIG B CIGJT 

D At G|T H AtCIT 

K AICIG1T N A] C|G] T 



The degenerate codona vised in SEQ ID NOs:9 and 
5 10, encompassing all possible codons for a given amino 
acid, are set forth in Table 2, 
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Amino 
Acid 


One 
Letter 
Code * 


TABLE 2 
Codona 


Degenerate 
Codon 


Cys 


c 


_ TGC TGT 


TGY 


Ser 


s 


AGC AGT TCA TCC TCG TCT 


KSH 


Thr 


T 


ACA ACC ACG ACT 


ACN 


Pro 


P 


CCA CCC CCG CCT 


CCN 


Ala 


A 


GCA GCC GCG GOT 


GCN 


Gly 


G 


GGA GGC GGG GGT 


GGK 


ksn 


N 


AAC AAT 


AAY 


Asp 


D 


GAC GAT 


GAY 


Glu 


E 


GAA GAG . 


GAR 


Gin 


Q 


CAA CAG 


CAR 


His 


H 


CAC CAT 


CAY 


Arg 


R 


AGA AGG CGA CGC CGG CGT 


MGN 


Lys 


K 


AAA AAG 


AAR 


Met 


M 


ATG 


ATG 


lie 


I 


ATA ATC ATT ' 


ATH 


Leu 


L 


CTA CTC CTG CTT TTA TTG 


YTtf 


V*l 


V 


GTA GTC GTG GTT 


QTK 


Phe 


F 


TTC TTT 


TTY 


Tyr 


Y 


TAC TAT 


TAY 


Trp 


W 


TGG 


TGG 


Ter 




TAA TAG TGA 


TRR 


Asn jAsp 


B 




RAY 


GbHGln 


2 




SAK 


Arty 


X 







IB 



One of ordinary skill in the art will appreciate 
that some ambiguity is introduced in determining a 
degenerate codon, representative of all possible codons 
encoding each amino acid. .For example, the degenerate 
codon for serine (WSN) can, in some circumstances, encode 
arginine [AGK) , and the degenerate codon for arginine 
(MGN) can, in some circumstances, encode serine (AGY) . 71 
similar relationship exists between codons encoding 
phenylalanine and' leucine. Thus, some polynucleotides 
encompassed- by the degenerate sequence may encode variant 
amino acid sequences, hut one of ordinary skill in the art 
can easily identify such variant sequences by reference to 
the amino acid sequences of 3EQ ID N0s;2 and 4. Variant 
sequences can be readily tested for functionality as 
described herein. 

One of ordinary skill in the art will also 
appreciate that different species can exhibit 
^preferential codon usage." In general, see, Grantham, et 
al., ttuc. Acids EUs - _B;lB93-912 r I960; Haas, et al . Curr. 
Biol . 6:315-24, 1996; Wain-Hobson, et al., Gene 13:355-64, 
1981; Grosjean and Fiers, Gene 18:199-209, 19B2; Holm, 
Hue. Acids Res* lfl:3075-B7, 19B6; Ikemura, J. Hoi. Biol . 
15B.-573-97, 1902. As used herein, the term *pref erential 
codon usage" or *pref erentiai codons" is a term of art 
referring to protein translation codons that are most 
frequently used in cells of a certain species, thus 
favoring one or a few representatives of the possible 
codons encoding each amino acid (See Table 2). For 
example, the amino acid threonine (Thr) may be encoded by 
ACA, ACC, ACG, or ACT, but in mammalian cells ACC is the 
most commonly used codon; in other species, for example, 
insect cells, yeast, viruses or bacteria, different Thr 
codons may be preferential. Preferential codons for a 
particular species can be introduced into the 
polynucleotides of the present invention* by a variety of 
methods known in the art. Introduction of preferential 
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noes into recombinant IMA rnn, for example, 
enhance production of the protein by making protein 
translation more efficient within a particular cell type 
or species. Therefore, the degenerate codon sequences 
5 disclosed in SEQ ID N0s:9 and 10 serve as a template for 
optimizing expression of polynucleotides in various cell 
types and species commonly used in the art and disclosed 
herein. Sequences containing preferential codons can be 
* tested and optimized for expression in various species, 

10 and tested for functionality as disclosed herein, 
-jg The highly conserved amino acids in the 

W cysteine-rich pseudo- repeat d£ BM3x2 can be used as a 

[jj tool to identify new family members. For instance r 

kl reverse transcription -polymerase chain reaction {RMPCjlj 

^ 1$ can be used to amplify sequences encoding the 
0 extracellular ligand-binding domain, described above, from 

q RNA obtained from a variety of tissue sources or cell 

\\ lines* In particular, highly degenerate primers ' designed 

*3 from the BR43x2 sequences are useful tor this purpose. 

20 , "Within preferred embodiments of the invention, 

isolated polynucleotides vill hybridize to similar sized 
regions of SSQ ID NO: 3, or to a sequence complementary 
thereto, under stringent conditions. In general, 
stringent conditions are selected to be about 5*C lower 
25 than the thermal melting point (T m ) for the specific 
t sequence at a defined ionic strength and pH. The T E is 

" ■ the temperature (under defined ionic strength and pH) at 

which 50% of the target sequence hybridizes to a perfectly 
[Hatched probe. Typical stringent conditions are those in 
30 which the salt concentration is up to about 0.03 H at pH 7 
and the temperature is at least about 60*C* 

As previously noted, the isolated 
polynucleotides of the present invention Include DMA and 
RNA, Methods for isolating DNA and RNA are veil known in 
35 the art. It is generally preferred to isolate RKA from 
RPtfl 17 68 cells, PBMNCs, resting or activated transf acted 
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B cells or tonsil tissue, although DHA can also be 

prepared using RNA from other tissues or isolated as 

genomic DNA. Total RHA can be prepared using guanidine 

HC1 extraction followed by isolation by centrifugation in 

5 a CsCl gradient (Chirgwin et al-, Biochemistry 18:52-94, 

1979) * Poly RNA is prepared from total KKA using* the 

method of Aviv and Leder (Proc. WatX. Acad, Sci. VSA 

69:1408*12, 1972). complementary DNA (cDNA) is prepared 

from P olylA) + using known methods. Polynucleotides 

10 encoding BR43x2 polypeptides are then identified and 

isolated by, for example, hybridization or PCR. 

Those skilled in the art will recognize that- the 

sequences disclosed in SEQ ID HOsrl and 3 represent a 

single allele of the human gene, and. that allelic 

15 variation and alternative splicing is expected to occur. 

Allelic variants of the DNA sequences shown in SEQ ID 

NO* si and 3, including those containing silent mutations 

and those in which mutations result in amino acid sequence 

changes, axe within the scope of the present invention, as 

20 are proteins which are allelic variants of SEQ ID N0s:2 

and 4. Allelic variants and splice variants of these 

- sequences can be cloned by probing cDKA or genomic 

libraries from different individuals or tissues according 

Co standard procedures known in the art. 
25 the present invention also provides isolated 

BR43x2 polypeptides that are substantially homologous to 

the polypeptides of SEQ ID NOs:2 and 4 and their species 

orthologs.' The term "substantially homologous" is used 

herein to denote polypeptides having 50*. preferably 60%, 

30 more preferably at least B0%, sequence identity to' the 
sequences shown in SEQ ID NOs:2 and A or their orthologs. 
Such polypeptides will more preferably be at least 90% 
identical, and most preferably 95% or more identical to 
SEQ ID N0:2 or its oithologs. * Percent sequence identity 

35 is determined by conventional methods. See, for example, 
Altschul et al-. Bull. Math. Bio, £B: 603-66, 1986 and 
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Henikoff and Henikoff, Proc, Natl, Read. Sci, USA 
B9;10915-9, 1992. Briefly, two amno acid sequences ace 
aligned to optimize the alignment scores using a gap 
opening penalty of 10, a gap extension penalty of 1, and 
the "blosum 62° scoring matrix of Henikoff and Henikoff 
(ibid.) as shown in Table 3 (amino acids are indicated by 
the standard one-letter codes). The percent identity is 
then calculated as: 

Total number of identical matches 

, , * - 

(length of the longer sequence plus the 
number of gaps introduced into the longer 
sequence in order to align the two sequences] 
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Sequence identity of polynucleotide molecules is 
determined by similar methods using a ratio as disclosed 
above. 

Substantially homologous proteins and 
5 polypeptides are. characterized as having one or more 
amino acid substitutions, deletions or additions. These 
changes are preferably of a minor nature, that is 
conservative amino acid substitutions (see Table A) and 
other substitutions that do not significantly affect the 

10 folding or activity of the protein or polypeptide; small 
deletions, typically of one to about 30 araino acids; and 
sjnall antino- ox carboxyl-terminal extensions, -such as an 
amino-tenoinal methionine residue, a small linker peptide 
of up to about 20-25 residues, ox an affinity tag. 

15 Polypeptides comprising affinity tags can further 
comprise a proteolytic cleavage site between the BR43x2 
polypeptide and the affinity tag. Preferred such sites 
Include thrombin cleavage sites and factor Xa cleavage 
sites* 

20 
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Table A 

Conservative amino acid substitutions 
Basic: arginine 
lysine 

5 histidine 

Acidic: glutamic acid 

aspartic acid 
Polar: glutandne 
asparagine 
10 Hydrophobic: leucine 

isoleacine 
valine 

Arair.atic: phenylalanine 
tryptophan 
15 tyrosine 
Small: glycine 
alanine 
serine 
threonine 

20 * methionine 



In addition to the 20 standard amino acids, 
non-standard amino acids (such as 4 -hydroxy? roline, 
roethyl lysine, 2-arainoisobutyric acid, isovaline and a- 

25 methyl serine) may be substituted for amino acid residues 
of BR43*2 polypeptides of the present invention- A 
limited number of non-conservative amino acids, amino 
acid3 that are not encoded by the genetic code, and 
unnatural amino acids may be substituted for BR43x2 

30 polypeptide amino acid residues. The proteins of the 

present invention can also comprise non-naturaliy 

occurring amino acid residues. 

Hon-naturally occurring amino acid3 include , 

without limitation, trans -3-ntethylproline, 2 , 4-methano- 

35 proline, cis~-4~hydroxyprolirte r trans-4 -hydroxy-proline, 

H-methylglycine, allo-thr&onine, methyl threonine, 

hydroKy-ethylcysteine, hydroxyethyl-homocysteine , 
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nitroglutamine,' homoglutamine, pipecolic acid, tert- 
ieucine, nor? aline, 2-azaphenylalanine,' 3-aza- 
phenylaianine, 4~aiaphenyl-ala'nine, and ^fluoro- 
phenylalanine. Several methods are known in the art for 
incorporating non-naturally occurring amino acid residues 
into proteins. For example, an in vitro system can be 
employed wherein nonsense mutations are suppressed using 
chemically aminoacylated suppressor tRHAs. Methods for 
synthesizing amino acids and aminoacylating tRNA are 
known in the art. Transcription and translation of 
plasmids containing nonsense mutations is carried out in 
a cell free system comprising an £. coli S30 extract and 
commercially available enzymes and other reagents. 
Proteins are purified by chromatography. See, for 
example r Robertson ct al-, 3. Am. Cheiru Soc. 113:2722, 
1991; Ellman et al., Methods Engymol . 202:301, 1591; 
Chung et al., Science 259:806-5, 1993; and Chung et al., 
Froc* Natl, ftcad. ,Sci. USA 90:10145-9, 1993). In a 
second method, translation is carried out in Xenopus 
oocytes by microinjection of mutated mRNA and chemically 
aminoacylated. suppressor tRUks (Turcatti et al., J. Biol . 
Chem. 27lil999l*B r 1996). Hithin a third method, E. coli 
cells are cultured in the absence of a natural amino acid 
that is to be replaced (e*g*, phenylalanine) and in the 
presence of the desired non-naturally occurring amino 
acid (si (e.g., 2~axaphenylalanine f 3-azaphenylalanine, 4- 
azaphenylalanlne, or 4-fluorophenylalanine) * The non- 
naturally occurring amino acid is incorporated into the 
protein in place of its natural counterpart- See, Koide 
et al., Biocheitu 33:7470-6, 1994. Naturally occurring 
amino acid residues can be converted to non -naturally 
occurring species by in vitro chemical modification. 
Chemical modification can be combined with site-directed 
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mutagenesis to further expand the range of substitutions 
(Vlynn and Richards, gaotgia Ssl . 2:395-103, 19*3] . 

A limited number of non-conservative amino 
acids, amino acids that are not encoded by the genetic 
code, non-naturally occurring amino acids, and unnatural 
amino acids may be substituted for BR43x2 amino acid 
residues. 

Essential amino acids in the BROx2 
polypeptides of the present invention can be identified 
according to procedures known in the art/ such as site- 
directed mutagenesis or alanine-scanning mutagenesis 
(Cunningham and Wells, Science 244: 1081-5, 19&9) . 
Single alanine mutations are introduced at every residue 
in the molecule, and the resultant mutant molecules are 
tested for biological activity (e.g., providing a 
decrease in B cell response during the immune response, 
inhibition ox decrease in autoantibody production) to 
identify amino acid residues that are critical to -the 
activity of the molecule. See also, Hilton et al., 
Biol. Chem. 271 ; 469 9-7 OB, 1996- Sites of biological 
interaction, ligand binding portions such as the 
cysteine-rich pseudo-repeats, can also be determined by 
physical analysis of structure, as determined by such 
techniques as nuclear magnetic resonance, 
crystallography, electron diffraction or photoaf finity 
labeling, in conjunction with mutation of putative 
contact site amino acids. See, for example, de Vos et 
al,, Science 255:306-12, 1992; Smith et al., J., Hc£., 
Biol. 224:339-904, 1992; Hlodaver et al., FEBS , Lett. 
309:59-64* 1$92* The identities of essential amino acids 
can also be inferred from analysis of homologies with 

related TNFR family members such as TACI and BCMJU 

Additional amino acid substitutions can be made 

within the cysteine-rich pseudo-repeat of BR43x2 so long 

as the conserved cysteine, aspartic acid and . leucine 

residues are retained and the higher order structure* is 

not disturbed. It is preferred to make substitutions 
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within the cysteine-rich pseudo-repeat of BR43x2 by 
reference to the sequences of ether cysteine-rlch pseudo- 
repeats. SEQ ID HO: 8 is a generalized cysteine-xich 
pseudo-repeat that shows allowable amino acid 
5 substitutions based on such an alignment. Substitutions 
with in this domain are subject to the limitations set 
forth herein. 

Multiple amino acid substitutions can be made 
and tested using known methods of mutagenesis and 

ID screening, such as those disclosed by Reidhaar-Olson and 
Sauer ( Science 241:53-7, 19B8) or Bowie and Sauer (Proc> 
Katl. Read. Sci. USA 86:2152-6, 1995) . Briefly, these 
authors disclose methods for simultaneously randomizing 
two or more positions in a polypeptide, selecting for 

15 functional polypeptide, and then sequencing the 
mutagenired polypeptides to determine the spectrum of 
allowable substitutions at each position. Other methods 
that can be used include phage display (e,g., Lowman et 
a **' Biocheni. 30:10832-7, 1991; Ladner et al . , Cf.S. 

20 Patent No. 5,223,409; Huse, WIPO Publication WO 32/06204) 
and region-directed mutagenesis (Derbyshire et al,, Gene 
46:145, 1986; Her et al. r DNA 7:127, iSfiB). 

Variants of the disclosed BS43x2 VUA and 
polypeptide sequences can be generated through DNA 

25 shuffling as disclosed by Stemmer, Mature 370:389-91/ 
1994, Steamer, Froc Hatl. Acad. Sci. USA 91 ; 10747-51, 
' 1994 and STIPO Publication WO 97/20078. Briefly, variant 
DNAs are generated by in vitro homologous recombination 
by random fragmentation of a parent DNA followed by 

3D reassembly using E*CR, resulting in randomly introduced 
point mutations. This technique can be modified by using 
a family of parent DNAs, such as allelic variants or DtSAs 
fron different species, to introduce additional 
variability into the process. Selection or screening for 

35 the desired activity, followed by additional iterations 
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of mutagenesis and assay provides for rapid "evolution" 
of sequences by selecting lor desirable mutations while 
simultaneously selecting against detrimental changes. 

Mutagenesis methods as disclosed above can be 
combined with high-throughput, automated screening 
methods to detect activity of cloned, mutagenized 
polypeptides in host cells. Hutagenized DKJV molecules 
that encode active polypeptides (e.g., providing 
decrease in B call response during the incnune response, 
inhibition or decrease in autoantibody production) can be 
recovered from the host cells and rapidly sequenced using 
modern equipment. These methods allow the rapid 
determination of the importance of individual amino acid 
residues in a polypeptide of interest, and can be applied 
IS to polypeptides of unknown structure. 

Using the methods discussed above, one of 
ordinary skill in the art can identify and/or prepare a 
variety of polypeptides that are substantially homologous 
to residues 1 to 120 of SEQ ID 130:2 or allelic variants 
thereof and retain the B cell suppression properties of 
the wild-type protein. Such polypeptides may include 
additional amino acids or domains from other members of 
the tumor necrosis factor receptor superfamily, affinity 
tags or tha like. BR43x2 polypeptide or fusion 
25 constructs, containing functional domains .of other 
members of the THFR superfamily, constitute hybrid tumor 
necrosis factor receptors exhibiting modified B cell 
suppression capabilities. 

The present invention further provides 
counterpart receptors and polynucleotides from other 
species (orthologs). These species include, but are not 
limited to mammalian, avian, amphibian, reptile, fish, 
insect and other vertebrate and invertebrate species. Of 
particular interest are BR43*2 receptors from other 
35 mammalian species, including murine, porcine, ovine, 
bovine, canine, feline, equine, and other primate 



23 



receptors. Orthologs of the human BR<13x2 receptor can be 
cloned using information and compositions provided by the 
present invention in combination with conventional 
cloning techniques* For example, a cDNfc can be cloned 
5 using mRNA obtained from a tissue or ceil type that 
expresses the receptor. Suitable sources of aftNA can be 
identified by probing Northern blots with probes designed 
from the sequences disclosed herein, A library is then 
prepared from mRNA of a positive tissue or cell line, A 

10 receptor-encoding cDKA can then be isolated by a variety 
of methods, such as by probing with a complete or partial 
human cDNA or with one or more sets of degenerate probes 
based on the disclosed sequence, A cDNA can also be 
cloned using PCR, using primers designed from the 

15 sequences disclosed herein- Within an additional method, 
the cDNA library can be used to transform or transfect 
host cells, and expression o£ the cDHA of interest can be 
detected with an antibody to the receptor. Similar 
techniques can also be applied to the isolation of 

2D genomic clones. 

The receptor polypeptides of the present 
invention, including full-length receptor polypeptides, 
soluble -receptors polypeptides, polypeptide fragments, 
and fusion polypeptides, can be produced in genetically 

25 engineered host cells according to conventional 
techniques. Suitable host cells are those cell types 
that can be transformed or transfected with exogenous DHA 
and grown in culture, and include 'bacteria, fungal cel'ls, 
and cultured higher eukaryotic cells- Eukaryotic cells, 

30 particularly cultured cells of multicellular organisms, 
are preferred. Techniques for manipulating cloned DNA 
molecules and introducing exogenous DNA into a variety of 
host cells are disclosed by Sambrook et al w Molecular 
Cloning t R Laboratory Manual, Second Edition , Cold Spring 

3S Harbor, HY r 1969; and Ausubel et al w eds,, Current 
Protocols in Molecular Biology, John fiiley and Sons, 
Inc, NY, 1987. 
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In general, a DHA sequence encoding a BR43x2 
polypeptide is cpsrably linked to other genetic elements 
required for its expression, generally including a 
transcription promoter and terminator, within an 
expression vector. The vector will also commonly contain 
one or more selectable markers and one or more origins of 
replication, although those skilled in the art will 
recognize that within certain systems selectable markers 
may be provided on separate vectors \ and replication of 
the exogenous Wk may be provided by integration into the 
host cell genome. Selection of promoters, terminators, 
selectable markers, vectors and other elements is a 
matter of routine design within the level of ordinary 
skill in the art. Hany such elements are described- in 
the literature and are available through commercial 
suppliers- 

To direct a B&43x2 polypeptide into the 
secretory pathway of a host cell, a secretory signal 
sequence lalso known as a signal sequence, leader 
sequence, prepro sequence or pre sequence) is provided in 
the expression vector. The secretory signal sequence may 
be that of the BR43x2 polypeptide, or may be derived from 
another secreted protein (e.g., t-PM a* synthesized de 
tiovQ^ The secretory signel sequence is joined to the 
BR4 3x2 DKA sequence in the correct reading frame and 
positioned to direct the newly synthesized polypeptide 
into the secretory pathway of the host cell. Secretory 
signal sequences are commonly positioned -5' to the DKA 
sequence encoding the polypeptide of interest, although 
certain signal sequences may be positioned elsewhere in 
the vm sequence of interest (see, e.g., Welch et al. f 
U.S. Patent Ho. 5,037,743; Holland et al,, U.S. Patent 
Ho. 5,10,830). 

Cultured mammalian cells are suitable hosts 
within the present invention. Methods for introducing 
exogenous DHft. into maramalian host cells include calcium 
phosphate-mediated transfection {Wigler et al. f Cell 
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14:725, 1976; Corsaro and Pearson, Somatic Cell Genetics 
2:603, 1981? Graham and Van o'er Eb, Virology 52:456, 
1973), el ectr operation (Neumann et ai., SMBO J. 1:841-45, 
19B2) t DEAE-dextran mediated transaction {Ausubel et 
S al., ibadj. ) r and lipo some-media ted transfection (Hawley- 
Kelson et al., Focus 15 =13, 1993; Ciccarone et al. r Focus 
15:80, 1993). The production of recombinant polypeptides 
in cultured mammalian cells is disclosed, for example, by 
Levinson et al*, U.S. Patent No. 4,713,339; Hagen et al., 

10 CJ.Sh Patent No, 4,7B4,950; Paimiter et al., U.S. Patent 
No. 4,579,621; and JUngold, U.S. Patent No- 4,656,134. 
Suitable cultured mammalian cells include the COS-1 {ATCC 
So. CRL 1650), COS-7 (ATCC Ho. CKL 1651), BHK (ATCC Mo. 
CRL 1632), EHK 570 (ATCC Ko. CR1 10314), 293 (ATCC No. 

IS CRL 1573; Graham et al., J. Gen. Virol. 36:59-73, 1977), 
Jurkat (ATCC «o. CRI.-8129), BaF3 {an inter! eukin-3 
dependent pre-lyraphoid cell line derived from murine bone 
marrow. See, palacios and Steinmetz, Cell 41 : 727-^34, 
19&5? Mathey-Prevot et al-, Mol. Cell. Biol, 6: 4133-5, 

20 190 6) and Chinese hamster ovary (e.g., CHD-K1; ATCC No. 
CCIi 61) cell lines. Additional suitable cell lines are 
known in the art and available from public depositories 
such as the American Type Culture Collection, Rockville, 
Maryland. In general, strong transcription promoters -are 

25 preferred, such as promoters from SV-40 or 
cytomegalovirus. See, e.g., U.S. Patent Ho. 4,956,288. 
Other suitable promoters include those from 
metallothionein genes (CJ.S. Patent Hos. 4,579,821 and 
4,601,978 and the adenovirus major late promoter. 

30 Drug selection is generally used to select *for 

cultured mammalian cells into which foreign DMA has been 
inserted. Such cells are commonly referred to as 
"transf ectants". Cells that have been cultured in the 
presence of the selective agent and are able to pass the 

35 gene of interest to their progeny are referred to S3 
"stable transfectants." A preferred selectable marker- is 
a gene encoding resistance to the antibiotic neomycin. 
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Selection is carried out in the presence of a neomycin- 
type drug, such as G-41B or the like- Selection systems 
may also be used to increase the expression level of the 
gene of interest, a process referred to as 
"amplification." Amplification is carried out by 
culturing transfectants in the presence of a low level of 
the selective agent and then increasing the amount of 
selective agent to select for cells that produce high 
levels of. the products of the' introduced genes. A 
preferred amplKiable selectable marker is dihydrofolate 
reductase, which confers resistance to methotrexate* 
Other drug resistance genes le.g., hygroroycin resistance, 
multi-drug resistance, puromycin acetyltransf erase) can 
also be used. Alternative markers that introduce an 
altered phenotype, such as green fluorescent protein, or 
cell surface proteins such as CM, CD9, class I MHC, 
placental alkaline phosphatase may be used to sort 
transfected cells from untransf ected cells, by such means 
as FACS sorting or magnetic bead separation technology. 

Other higher eukaryotic cells can also be used 

as hosts, including plant cells, insect cells and avian 
cells. The use of AgrrcbacteriUiD rhizogenes as a vector 
for expressing genes in plant cells has been reviewed by 
Sinkar et al., J, Blosci. [ Bangalore ) 11:47*58, 19B7. 
Transforation of insect cells and production of foreign 
polypeptides therein is disclosed by Guarino et al*, U.S. 
Patent So. 5,162,222 and WIPO publication WO 94/0G4 63. 
Insect cells can be infected with recombinant 
baculovirus, commonly derived from Autographs call formica 
nuclear polyhidrosis vims [AcNPVJ * See, King and 
Possee, The Baculovirus Expression System: A Laboratory 
Guide, &Qndon, Chapman & Hall; (VReilly et al., 
Baculovirus Expression Vectors: A Laboratory Manual , Hew 
York, Oxford Dniversity Press. , 1994? and Richardson, 
Ed., Baculovirus Expression Protocols. Meth ods in 
Molecular Biology, Totowa, NJ, Humana Press, 1595. A 
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second method of making recombinant BR43x2 baculovirus 
utiliz.es a Lransposon-based system described by LucHoh 
(Luckow, et al-, J Virol 57:4566-79, 1993}. This system, 
which utilizes transfer vectors, is sold in the Bac-to- 
Sac™ kit (Life Technologies, Rockville, HD} . This system 
utilizes a transfer vector, pFastBacl™ (Life 
Technologies] containing a Tn7 transposon to move the DNA 
encoding the BR43x2 polypeptide into a baculovirus genome 
maintained in £. coli as a large plasmid called a 
"baemid-* See, Hill-Perkins and Possee, J. Gen. Virol ■ 
71:971-6, 1990; Bonning, et al., J, Gen. Virol, 2S :1551 ~ 
6, 1954; and, Chafcenbalk, and Rapoport, 3» Biol, Chem, 
270 :1543-9, 1955, In addition, transfer vectors can 
include an in- frame fusion with OKA encoding an epitope 
tag at the C- or N- terminus of the expressed BE43x2 
polypeptide, for example, a Glu-Glu epitope tag 
(Grussenmeyer et al., Froc» Hatl. Acad. 5ci. 82:7952*4, 
19B5) * Using a technique known in the art, a transfer 
vector containing BR43x2 is transformed into £. coli, and 
screened for bacmids which contain an interrupted lacZ. 
gene indicative of recombinant baculovirus* The bacmid 
DNA containing the recombinant baculovirus genome is 
isolated, using common techniques, and used to trans feet 
Spodoptera frugxpezda cells, e.g. Sf9 cells. Recombinant 
virus that expresses BR43x2 i3 subsequently produced. 
Recombinant viral stocks are made by methods commonly 
used the art* 

The recombinant virus is used to infect host 
cells,, typically a cell line derived from the fall 
armyworm, Spodoptera frugipexda. See, in general, Glick 
and Pasternak, Molecular Biotechnol og y : Principles and 
Applications of Recombinant PKA, ASH Press, Washington, 
D.C., 1994. Another suitable cell line is the High 
FiveO 1 " cell line (Invitrogen) derived froia Trichopjusia 
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ni [U.S. Patent 15,300,435). Commercially available 
serujn-f r*e media are used to grow and maintain the cells. 
Suitable media are Sf9QQ II™ (Life Technologies} or £SF 
921™ {Expression Systems) for the S£9 cellsr and Ex- 
5 cellO405™ (JRH Biosciences, Lenexa, KS) or Express FiveO™ 
(Life Technologies) for the 2\ ni cells. The cells are 
grow up from an inoculation density of approximately 2*5 
x 10 s cells to a density of 1-2 x ID 6 cells at which time 
a recombinant viral stock is added at. a multiplicity of 

10 infection {HOI} of 0*1 to 10, more typically near 3* 
Procedures used axe generally described in available 
laboratory manuals fKing and Possee, ibid.; O'Reilly,' et 
al. r Ibid.; Richardson, ibid J • Subsequent purification 
of the BR43a2 polypeptide from the supernatant can be 

15 achieved using methods described herein. 

Fungal cells, including yeast cells, can also 
be used within the present invention. Yeast species^ of 
particular interest In this regard include S3 ccharomy ces 
cerevislae, Pichia pastoris? and Pichia methanollca* 

20 Methods for transforming $. cerevisiae cells with 
exogenous DNA and producing recombinant polypeptides 
therefrom are disclosed by, for example, Kawasaki, U.S. 
Patent Ho. 4,599,311; Kawasaki et al., U.S. Patent Ho. 
4,931,373; Brake, U.S. Patent Ho. 4,B70,DOB; Belch et 

25 al., U.S. Patent No, 5,037,743; and Hurray et al., U.S. 
Patent No. 4,B45,075. Transformed cells are selected by 
phenotype determined by the selectable marker, commonly 
drug resistance or the ability to grow in the absence of 
a particular nutriant (e.g., leucine! . A preferred 

30 vector system for use in Sacchazomyces cerevisiae is the 
POTl vector system disclosed by Kawasafci et al, {U.S. 
Patent No. 4,931,373) , which allows transformed cells to 
be selected by growth in glucose-containing media. 
Suitable promoters and terminators for use in yeast 
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include those from glycolytic enzyme genes {see, e.g., 
Kawasaki, U.S. Patent No, 4,599,311; Kingsman et al., 
0.5. Patent Mo- 4,615,974; and Bitter, U.S. Patent No. 
4,977,092) and alcohol dehydrogenase genes ► See also 
0,S, Patents Nos. 4,990,446; 5,063,154; 5,139,936 'and 
4,662,454. Trans format ion systems for other yeasts, 
including Hansenula polymorpha, Schizosaccharomyces 
pombe, Kluyvtsroniyces lactis, Kl uyver omyces fragilis, 
Ustllago maydis, Pichia pastotris, Pichia Methanol ica, 
Pichia guillermondii and Candida maltose are known in the 
art. See, for example, Gleeson et al., J. Gen. 
Microbiol . 132:3459-65, 19B6 and Cregg, U.S. Patent No. 
4,8B2,279. Aspergillus cells may be utilized according 
to the methods of KcKnight et al>, U.S. Patent No. 
4,935,349. Methods for transforming Acremoniws 

chrysogenum are disclosed by Sumino et al., U.S. Patent 
Mo. 5,162,22B. Methods for transforming tfeuxospora axe 
disclosed by Lambowitz, D,S* Patent Ho. 4,486,533. 

For example, the use of Pichia methanolica. as 
host for the production of recombinant proteins is 
disclosed by Raymond, U.S. Patent Wo. 5,716,808, Raymond, 
U.S. Patent No. 5,736,383, Raymond et al . , Yeast 14:11- 
23, 1998, and in international publication Nos. wo 
97/17450, WD 97/17451, WO 98/02536, and HO 9B/025G5. DNA 
molecules for use in transforming P. .met/) anal ica will 
commonly be prepared as doublets tranded, circular 
plasmids, which axe preferably linearised prior * to 
transformation. For polypeptide production in P. 
methanol ica, it is preferred that the promoter and 
terminator in the plasmid be that of a P. metnanoiiea 
gene, such as a P. methanolica alcohol utilization gene 
{AUG1 or AUG2) . Other useful promoters include those of 
the dihydxoxyacetone synthase IDHAS), formate 
dehydrogenase (FMD), and cataiase (CAT) genes. To 
facilitate integration of the DMA into the host 
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chromosome, it is preferred to have the entire expression 
segrr.ar.t cf the placed flanked at both ends by host HNA 
sequences, A preferred selectable marker for use in 
Pichia methanolica is a P- methanolicB gene,* which 

5 encodes phosphoribosyl-S-antirto imidazole carboxylase 
(AIRC? EC 4.1.1.21), which allows ade2 host ceils to grow 
in the absence of adenine. For large-scale, industrial 
processes where it is desirable to minimize the use of 
methanol , it is preferred to use host cells in which both 

10 methanol utilization genes [AUG1 and AVG2) are deleted. 
For production of secreted proteins, host cells deficient 
in vacuolar protease genes (P£F4 and PKB1) are preferred. 
Eiectroporation is used to facilitate the introduction of 
a plasmid containing D^A encoding a polypeptide of 

IS interest into P. media noli era cells. It is preferred' to 
transform P. methanolica ceils by eiectroporation using 
an exponentially decaying, pulsed electric field having a 
field strength of from 2.5 to kV/cm, preferably about 
3.75 kV/cm, and a time constant (t] of from 1 to 40 

20 milliseconds, roost preferably about 20 milliseconds. 

Prokaryotic host cells, including strains ' of 
the bacteria Escherichia coli, Bacillus and other genera 
'are also useful host cells within the present invention. 
Techniques for transforming these hosts and expressing 

25 foreign DNA sequences cloned therein are well knovm in 
the art (see, e.g., Sainbrook et ibid. ) . When 

expressing a BR43x2 polypeptide in bacteria such as £. 
coli, the polypeptide may be retained in the cytoplasm, 
typically as insoluble granules, or may be directed to 

30 the periplastic space by a bacterial secretion sequence. 
In the former case, the cells axe lysed, and the granules 
are recovered and denatured using, for example, guanidine 
isothiocyanate or urea. The denatured polypeptide can 
then be refolded and dinierized by diluting the 

35 denaturant, such as by dialysis against a solution of 
urea and a combination of reduced and oxidised 
glutathione, followed by dialysis against a buffered 
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saline solution. In the latter case, the polypeptide can 
bs recovered from the peripiasmic space in a soluble and 
functional f ona by disrupting the cells (by, for example, 
sonication or osmotic shock) to release the contents of. 
5 the periplasmic space and recovering the protein,, thereby 
obviating the need for denaturation and refolding. 

Transformed or transfected host cells 'are 
cultured according to conventional procedures in a 
culture medium containing nutrients and other components 

10 required for the growth of the chosen host cells- A 
variety of suitable media, including defined media and 
complex media, are known in the art and generally include 
a carbon source, a nitrogen source, essential amino 
acids, vitamins and minerals. Media may also contain 

IS such components as growth factors or serum, as required. 
The growth medium will generally select for cells 
containing the exogenously added OKA by r for example, 
drug selection or deficiency in an essential nutrient 
which is complemented by the selectable marker carried" on 

20 the expression vector or co- transfected into the host 
cell. P- flietJiaj3olica cells are cultured in a medium 
comprising adequate sources of carbon, nitrogen and trace 
nutrients at a temperature of aboitt 25*C to 35*c, Liquid 
cultures are provided with sufficient aeration by 

25 conventional means, such as shaking of small flasks' or 
sparging of fermentor3. A preferred culture medium for 
J>. methanol ica is Y£PE> {2% D-glucose, 2% Bacto* 1 * Peptone 
(Difco Laboratories, Detroit, HI), 1% Bacto™ yeast 
extract fDifco Laboratories}, 0.004% adenine and 0.006fc 

30 L-leucine) . 

Expressed recombinant BR43x2 polypeptides (or 
chimeric or fusion BR43x2 polypeptides) can be purified 
using fractionation and/or conventional purification 
methods .and media. It is preferred to provide the 

35 proteins or polypeptides of the present invention in a 
highly purified form, i.e. greater than 95% pure, more 
preferably greater than 99% pure. Ammonium, sulfate 
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precipitation and acid or chaotrope extraction may be 
used for fractionation of - samples* Exemplary 
purification' steps may include hydraxyapatite, si*e 
exclusion, FPLC and reverse-phase high performance liquid 

5 chromatography. Suitable anion exchange media include 
derivatized dextrans, agarose, cellulose, polyacrylamide, 
specialty silicas, and the like. P£I r DEAE, QAE and Q 
derivatives are preferred, with t>EhE Fast-flow Sepbarose 
(Pharmacia, Piscataway, NJ) being particularly preferred. 

ID Exemplary chromatographic' media include those media 
derivatized with phenyl, butyl, or octyl groups, such- as 
Phenyl-Sepharose FF (Pharmacia}, Toyopearl butyl 650 
(Toso Haas, Montgomeryville, PA), Octyl-Sepbarose 
(Pharmacia) and the lifce; or polyacrylic resins, such as 

IS Amberchrora CG 71 {Toso Haas) and the like. Suitable 
solid supports include glass beads, silica-based resins, 
cellulosic resins, agarose beads, cross-linked agarose 
beads', polystyrene beads, cross-linked polyacrylamide 
resins and the like that are insoluble under the 

20 conditions in which they are to be used. These supports 
may be modified with reactive groups that allow 
attachment of proteins by amino groups, carboxyl groups, 
sulfhydryl groups, hydroxyl groups and/or carbohydrate 
moieties. Examples of coupling chemistries include 

25 cyanogen bromide activation, N-hydroxysuccinimide 
activation, epoxide activation, sulfhydryl activation, 
hydraiide activation, and carboxyl and amino derivatives 
for carbodiimide coupling chemistries. These and other 
solid media axe well Known and widely used in the art, 

3D and are available from commercial suppliers. Methods for 
binding receptor polypeptides to support media are well 
known in the art* Selection of a particular method is e 
matter of. routine design and is determined in part by the 
properties o£ the chosen support. See, for example, 

35 Affinity Chromatography; Principles & Methods, Pharmacia 
LKB Biotechnology, uppsala, Sweden, 19BB- 
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The polypeptides of the present invention can 
be isolated by exploitation of their physical properties. 
For example, immobilized metal ion adsorption (IMAC) 
chromatography can be used to purify histidine-rich 
5 proteins including those comprising polyhistidine tags. 
Briefly, a gel is first charged with divalent metal ions 
to form a chelate fSulkowsJci, Trends in Biochera. 3:1-7, 
19B5) . Histidine-rich proteins will be adsorbed to this 
matrix with differing affinities, depending upon the 

10 metal ion used, and will be eluted ■ by competitive 
elution, lowering the pH, or use of strong chelating 
agents. Other methods of purification include 

purification of glycosylated proteins by lectin affinity 
chromatography and ion exchange chromatography ( Methods 

15 in Snzympl ., Vol* 182, "Guide to Protein Purification 1 *, 
H. Deutscher, ted.), Acad. Press, San Diego, 1990, pp. 
529-39). Within additional embodiments of the invention, 
a fusion of the polypeptide of interest and an affinity 
tag (e.g., maltose-binding protein, FLAG- tag (Asp Tyr Lys 

20 Asp Asp Asp Asp Lys {SEQ ID NO; 11) ) , Glu-Glu tag fGlu Glu 
Tyr Het Pro Met Glu (s£Q ID fl0;12)), an immunoglobulin 
domain) may be constructed to facilitate purification. 

Protein refolding (and optionally reoxidation) 
procedures may be advantageously used. It is preferred 

25 to purify the protein to >60% purity, more preferably, to 
>904 purity, even more preferably >95%, and particularly 
preferred is a pharmaceutical^ pure state, that is 
greater than 99.9* pure with respect to contaminating 
raacxomolecules, particularly other proteins and nucleic 

30 acids, and free of infectious and pyrogenic agents. 
Preferably, a purified protein is substantially free' of 
other proteins, particularly other proteins of animal 
origin . 

BR4 3x2 polypeptides or fragments thereof may 
35 also be prepared through chemical synthesis. BROx2 
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polypeptides may be monomers or multimers; glycosylated 
or non-glyeosylated; pegylated or non~pegylated; and may 
or may not include an initial methionine amino acid 
residue. Exemplary BR43x2 polypeptides include 

5 polypeptides of from 32-40 residues in length having an 
amino acid sequence conforming to the motif; 
XXCXEQEK) [QEKKRDHSJ [QE]Xt0 7 

2J irm (TFWJDXLLX|2»C[IMLVJXCX(3) CX[6-B}CX|2J fYFjCXX 

[SEQ ID NO:8) , and subject to the limitations described 
10 herein-. 

aR43x2 polypeptides can be synthesized by 
exclusive solid phase synthesis, partial solid phase 
methods , fragment condensation or classical solution 
synthesis. The polypeptides are preferably prepared by 

15 solid phase peptide synthesis, for example as described 
by Merrifield, J, fiia. ' Chem. Soc, 65;2H9, 1963'. The 
synthesis is carried out with amino acids that are 
protected at the alpha-amino terminus. Trifunctitfnal 
amino acids with labile side-chains are also protected 

20 with suitable groups to prevent undesired chemical 
reactions from occurring during the assembly of the 
polypeptides. The alpha-airdno protecting group is 
selectively removed to allow subsequent reaction to take 
place at the ami no- terminus , The conditions for 'the 

25 removal of the alpha-amino protecting group do not remove 
the side-chain protecting groups* 

The alpha-amino protecting groups are those 
known to be useful in the art of stepwise polypeptide 
synthesis- Included are acyl type protecting groups 

30 {e.g., formyl, trifluoroacetyl, acetyl), aryl type 
protecting groups (e.g., biotinyl), aromatic urethane 
type protecting groups [e.g., benzyloxycarbonyl \Cbz) t 
substituted benzyloxycarbonyl and J>- 

f luorenylmethyloxycarbonyl {Fmoc} ] , aliphatic urethane 

35 protecting groups [e.g., t~butyloxycarbonyl (tBoc), 
isopropyl-oxycarbonyl, cyclohexioxycarbonyij and alkyl 
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type protecting groups (e.g, # benzyl, triphenylrftethyl) * 
The preferred protecting groups are tBoc and Eraoc, 

The side-chain protecting groups selected must 
cemain intact during coupling and not be removed during 
5 the deprotection of the amino-teri&imis protecting group 
or during coupling conditions* The side-chain protecting 
groups must also be removable upon the completion of 
synthesis using reaction conditions that will not alter 
the finished polypeptide* In tBoc chemistry, the side*- 
9 10 chain protecting groups for trifunctional amino acids are 
■*jy mostly benzyl based. In Tmoc chemistry, they are mostly 



tert-butyl or trityl based, 
jjj In tSoc chemistry, the preferred side-chain 

W protecting groups are tosyi for arginine, cyclohexyl for 

^ IS aspartic acid, 4-methylbenryl (and acetaisidomethyl) for 
D' cysteine, benzyl for glutamic acid, serine and threonine, 

q beniyloxymethyl {and dinitrophenyl) fox histidine, 2-CI- 

VJ benzyloxycarbonyl for lysine, fontiyl for tryptophan and 

. 2-bromobenzyl for tyrosine. In Fraoc chemistry, the 
20 preferred side-chain protecting groups are 2,2,5 r 7 r B~ 
pentamethylchraman-G-aulfonyl {Pmc) or 2 f 2, 4, 6,7~penta- 
ntethyldihydrobenzo£uran~5-sttl£onyl (Pbf) for arginine, 
txityl for asparagine, cysteine, glutamine and histidine, 
tert~butyl for aspartic acid, glutamic acid, serine, 
25 threonine and tyrosine, tBoc for lysine and tryptophan. 

For the synthesis of phosphopeptides, either 
direct or post-assetubly incorporation of the phosphate 
i group is used. In the direct incorporation strategy, -the 

phosphate group on serine, threonine or tyrosine may be 
30 protected by methyl, benzyl, or tert-butyl in Fmoc 
chemistry or by methyl, benzyl or phenyl in tBoc 
chemistry. Direct incorporation of phosphotyrosine 
without phosphate protection can also be used in fritoc 
chemistry. In the post- assembly incorporation strategy, 
35 the unprotected hydroxyl groups of serine, threonine or 
tyrosine are derivatized on solid phase with di-tert- 
butyl-*, dibenzyl- or dimethyl-W, ri'-diisopropyl- 
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phosphoramidite and then oxidized by tert-butylhydro~ 
peroxide. 

Solid phase synthesis is usually carried out 
from the carboxyl- terminus by coupling - the alpha- amino 
protected {side-chain protected) amino acid to a suitable 
solid support. An ester linkage is formed when the 
attachment is made to a chloromethyl r chlorotrityl or 
hydroxyroethyl resins and the resulting polypeptide will 
have a free carboxyl group at the Oterminus. 
Alternatively, when an amide resin such as 
benzhydrylamine or p~methylbenzhydrylamine resin {for 
tBoc chemistry) and Rink amide or PAL resin (for Fmoc 
chemistry} are used, an amide bond is formed and the 
resulting polypeptide will have a carboxamide group at 
the C- terminus. These resins, whether polystyrene- or 
polyamide-based or polyethyleneglycol-grafted, with or 
without a handle or linker, with or without the first 
amino acid attached, are commercially available, and 
their preparations have been described by Stewart et al*, 
*5olid Phase Peptide Synthesis* {2nd Edition), {Pierce 
Chemical Co*, Rockford, IL, 1984 J and Bayer and Rapp, 
Chem. Pept. Prot* 3:3, 1986; and Atherton et al. r Solid 
Phase Peptide Synthesis; A Practical Approach , XKL Press, 
Oxford, 19S9. 

The C-terminal amino acid, protected at the 
side chain if necessary, and at the alpha-amino group,_ is 
attached to a hydroxyliaethyl resin using various 
activating agents including dicyclohexylcarbodiimide 
[DOCK H,H T -diisopropylcarbodilmide (DIPCDIJ and 
carbonyldi imidazole (CDI) . It can be attached to 
chloromethyl or chlorotrityi resin directly in its cesium 
tetramethylaitDiionium salt f ona or in the presence ^ of 
triethylamine (TEA) or dlisopropyiethylamine (DIEAJ , 
First amino acid attachment to an amide resin is the same 
as amide bond formation during coupling reactions. 

Following the attachment to the resin support, 
the alpha-amino protecting group is removed using various 
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reagents depending on the protecting chemistry (e*g. # 
tBoc, Fmoc) * The extent of Fmoc removal can be monitored 
at- 300-320 or by a conductivity ceil. After removal 
of the alpha- amino protecting group, the remaining 
5 protected amino acids are coupled stepwise in the 
required order to obtain the desired sequence. 

Various activating agents can be used for the 
coupling reactions including DCC, DIPCDI, 2^chloro~l, 3- 
dimethylimidium hexaf luorophosphate (CIP), benzotriazol- 

10 l-yl-oxy^txis- {diethyl-amino} -phosphoniuns hexafluoro- 
phosphate {SOP} and its pyrrolidine analog (PyBOP), 
bramo-tris-pyrrolidino-phosphonium hexafluorophosphate 
fPyBrQP) r 0-{behzotriazol~l-yl)-l, 1, 3,3- 

tetrasiethyluroniura hexaf luorophosphate [HBTO) and its 

15 tetra-fiuoroborate analog {TBTO ) or its pyrrolidine 
analog {KBFyUJ , O- (7-azabenzotriazol-l-yl J -1,1, 3,3- 
tetramethyl-uronimn hexaf luoro-phosphate (KATU} and its 
tetraf luoroborate analog (TATO) or its pyrrolidine analog 
tHAPyU) . The most ccwranon catalytic additives used' in 

20 coupling reactions include 4-dimethylaminopyridine 
tDMAP) , 3-hydroxy~3, 4-dihydro-4-oxo-l, 2, 3- 

benzotriazine (HQDhbt) , N-hydroxybenzotriazole {HOBtJ and 
I*hydroxy""?-azaben2otria2oie (HOAt) , ' Each protected 
araino acid is used in excess (>2.0 equivalents), and the 

25 couplings are usually carried out in N-methylpyrrolid"one 
(HMP) Dr. in DMF, CHjCli or mixtures thereof. The extent 
of completion of the coupling reaction can be monitored 
at each stage, e.g., by the ninhydrin reaction as 
described by Kaiser et al., Anai. Blochero, 24:595, 197 CL 

30 After the entire assembly of the desired 

peptide, the peptide~resin is cleaved with a reagent with 
proper scavengers* The Fmoc peptides are usually cleaved 
and deprotected by TEA with scavengers (e.g., H 3 0, 
ethanedi thiol, phenol and thioanisole) . The tBoc 

35 peptides are usually cleaved and deprotected with liquid 
HF for 1-2 hours at -5 to 0* C r which cleaves the 
polypeptide from the resin and removes Tnost of the side- 
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chain ' protecting groups. Scavengers such as anisole, 
dimethyisulfide and p~thiocresol are usually used with 
the liquid HF to prevent cations formed during the 
cleavage from alkylating and acylating the amino acid 
5 residues present in the polypeptide. The forroyl group of 
tryptophan and the dinitrophenyl group of histidine need 
to be removed, respectively by piperidine and thiophenyl 
in DMF prior to the HE* cleavage. The acetamdomethyl 
group of cysteine can be removed by mercury (II) acetate 
M id and alternatively by iodine, thallium (III) 
1 txifluoroacetate or silver tetrafluoroborate which 

W ■ simultaneously oxidize cysteine to cystine. Other strong 

jjj * acids used for tBoc peptide cleavage and deprotection 

Ul include trif luoromethanesulfonic acid (TFMSA) and 

W is trimethylsilyl-trifluoroacetate {TWSOTf ) , 
q The present invention further provides a 

p* variety of other polypeptide fusions and relaxed 

^ multimeric proteins comprising one or iaore polypeptide 

iD fusions. A soluble BR43x2 polypeptide can be expressed as 

^ 20 a fusion with an iusnunoglobulin heavy chain constant 
region, typically an F c fragment, which contains two 
constant region domains and lacks the variable region. 
Methods for preparing such fusion* are disclosed in U.S. 
Patents Nos. 5, 155 r 027 and 5,567,5B4. Such fusions are 
2S typically secreted as multimeric molecules wherein the Fc 
portions are disulfide bonded to each other and two non- 
| Ig polypeptides are arrayed in close proximity to each 

" other. lramunoglobulin-BR43x2 polypeptide fusions can be 

expressed in genetically engineered cells to produce a 
30 variety of multimeric BR43x2 analogs. .Auxiliary domains 
can be fused to BM3x2 polypeptides to target them to 
specific cells, tissues, or raacromolecules. Fusions may 
also be made using toxins as discussed herein. In this 
way, polypeptides and proteins can be targeted for 
3 5 therapeutic or diagnostic purposes, h ER43x2 polypeptide 
can be fused to two or more moieties, such as an affinity 
tag for purification and a targeting domain. Polypeptide * 
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fusions can also comprise one or more cleavage sites, 
particularly between domains, See, Tuan et al., Connect. 
Tisa. R&s . 34:1-9, 1995. Fusions of this type can also 
be used, for example, to affinity purify cognate ligand 
from a solution, as an in vitro assay tool, to block 
signals in vitro by specifically titrating out ligand, to 
bind ligand on the cell surface or as a BR43x2 
antagonists in vivo by administering theta to block ligand 
stimulation. For use in assays, the fusion proteins 

may be bound to a support via the F c region and U3ed in 
an ELISA format. 

The invention also provides soluble BR43x2 
receptors and polypeptide fragments used to form fusion 
proteins with affinity tags or labels. Soluble BR43x2™ 
affinity tag fusion proteins are used, for example, to 
identify the BR43x2 ligands, as well as agonists and 
antagonists of the natural ligand. Osing labeled, 
soluble BR43x2, cells expressing the ligand, agonists or 
antagonists are identified by fluorescence 
immunocytometry or imrounohistocbemistry. The soluble 
fusion proteins are useful in studying the distribution 
of the ligand on tissues or specific cell lineages, and 
to provide insight into receptor/ligand biology. 

To purify ligand, agonists or antagonists, a 
BR43x2~Ig fusion protein is added to a sample containing 
the ligand, agonist or antagonist under conditions that 
facilitate receptor-ligand binding (typically near™ 
physiological temperature, pH, and ionic strength) „ The 
receptor-ligand complex is then separated by the mixture 
using protein A, which is immobilized on a solid support 
(e.g., insoluble resin beads). The ligand, agonist, 
antagonist is then eluted using conventional chemical 
techniques, such as with a salt or pfi gradient. In .the 
alternative, the fusion protein itself can be bound to a 
solid support, with binding and elution carried out as 
above. Methods for immobilizing receptor polypeptide to 
a solid support, such as beads of agarose, cros3-linked 
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agarose, glass, cellulosic resins, silica-based .resins, 
polystyrene, cross-linked polyacrylamide, or like 
materials that are stable, under the conditions of use are 
known in the art. Methods for Unking polypeptides to 
solid supports are known in the art, and include amine 
chemistry, cyanogen broaiide activation, N~ 
hydroxysuecinimide activation, epoxide activation, 
sulfhydryl activation, and hydraiide activation. The 
resulting media will generally be configured in the form 
of a column, and fluids containing ligand are passed 
through the column one or more times to allow ligand to 
bind to the receptor polypeptide. The ligand is then 
eluted using changes in salt concentration/ chaotropic 
agents (Mn&2) * or pH to disrupt ligand- receptor binding. 

To direct the export of the soluble receptor 
from the host cell, the soluble receptor DMA is linked to 
a second um segment encoding a secretory peptide, such 
as a t-PA secretory peptide. To facilitate purification 
of the secreted receptor domain, an H- or C- terminal 
extension, such as an affinity tag or another polypeptide 
or protein for which an antibody or other specific 
binding agent is available, can be fused to the receptor 
polypeptide. 

Cells expressing functional soluble and 
membrane bound receptors of the present invention .are 
used within screening assays. A variety of suitable 
assays axe known in the art. These assays are based on 
the detection of a biological response in a target cell. 
A change in metabolism compared to a control value 
indicates a test compound that modulates BR43x2 mediated 
metabolism. One such assay is a cell proliferation 
assay. Cells are cultured in the presence or absence^ of 
a test compound, and cell proliferation is detected by, 
for example/ measuring' incorporation of tritiated 
thymidine or by coloriraetric assay based on the metabolic 
breakdown of 3- [ 4 r 5-dimethylthiazol-2-yl ) -2 * 5-diphenyl 
tetxazoliua bromide IMTT) (Mosm&n, J. Immunol. Heth. tti 
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55-63, 1963), An alternative assay format -uses cells 
that are further engineered to express a reporter gene. 
The reporter gene is linked to a promoter element that is 
responsive to the" receptor-linked pathway, and the assay 
5 detects activation of transcription of the reporter gene. 
Numerous reporter genes that are easily assayed for' in 
cell extracts are known in the art, for example f the E> 
coll lact, chloramphenicol acetyl transferase {CRT} and 
serum response element fSRE) {see, e.g., Shaw et.al., 
10 Cell 56: 5 63-7 2 , 1989), A preferred such reporter gene i3 
^ a lucif erase gene (de Wet et al., Hoi. Cell. Biol - 7:725, 

19B7) . Expression of the luciferase gene is detected* by 
^ luminescence using methods known in the art le.g*/ 

tj Baumgartner et al., J. Biol. Cheia . 269:29094-101, 1994; 

kJ 15 Schenborn and Goiffin, Fr omega Notes H^ 1 / 1993). 
q Luciferase activity assay kits are commercially available 

P from, for example, Promega Corp., Had! son, til* Target 

5} cell lines of this type can be used to screen libraries 

$ of chemicals, cell-conditioned culture media, fungal 

^ 20 broths , soil samples, water samples, and the like* For 
example, a bank of cell-conditioned media samples can be 
assayed on a target cell to identify cells that produce 
ligand. Positive cells are then used to produce a cDHA 
library in a mammalian expression vector, which is 
25 divided into pools, transfected into host cells, and 
expressed. Media samples from the transfected cells are 

»then assayed, with subsequent division of pools, re- 
trans fection, subculturing, and re-assay of positive 
cells to isolate a cloned cDKA encoding the ligand* 
30 An assay system that uses a ligand-bioding 

receptor (or an antibody, one member of a 
complement /a nti -complement pair) or a binding fragment 
thereof, and a . commercially available biosensor 
instrument fBIAcore™, Pharmacia. Biosensor, Piscataway, 
35 KJ) may also may be advantageously employed. "Such 
receptor, antibody, member of a complement/ an fci- 
complement pair or fragment is immobilized onto the 



48 



surface of a receptor chip. Ose of this instrument is 
disclosed by Karlsson, J. Immunol, Hath . 145:229-40, 19*1 
and Cunningham and Wells, J, Viol, Biol . 234:554-63, 1993 ■ 
For example, a BR43x2 polypeptide, fragment r antibody or 
member of a complement/anti-cbmplement pair is covalently 
attached, using amine or sulfhydryl chemistry, to dextran 
fibers that are attached to gold film within the flow 
cell. A test sample is passed through the cell. If a 
ligand, epitope, or opposite member of the 
CDn^lement/anti-complement pair is present in the sample, 
it will bind to the immobilized receptor, antibody or 
member, respectively, causing a change in the refractive 
index of the medium, which is detected as a change in 
surface plasmon resonance of the gold film. This system 
allows the determination of on- and off -rates, from which 
binding affinity can be calculated, and assessment of 
stoichiometry of binding. Ligand-binding receptor 
polypeptides can also be used within other assay systems 
known in the art. Such systems include scatchard 
analysis for determination of binding affinity (see, 
Scatchard, Ann. NY Acad. Sci . 51= 660-72, 1949) and 
calorimetric assays {Cunningham et al., Science 253;545~ 
48, 1991? Cunningham et al., Science 245; 921-25, 1991). 

As a receptor, the activation of SR43x2 
polypeptide can" be measured by a silicon-baaed biosensor 
microphysiometer which measures the extracellular 
acidification rate or proton excretion associated with 
receptor binding and subsequent physiologic cellular 
responses. An exemplary device is the Cytosensor^ 
Microphysiometer manufactured by Molecular Devices, 
Sunnyvale, Ch, A variety of cellular responses, such as 
cell proliferation, ion transport r energy production, 
inflammatory response, regulatory end receptor 
activation, and the like f can be measured by this me thud. 
See, for example, McConnell et al., Science 257 : 1906-12, 
1992; Pitchford et al., Myth. Enzymol , 22B:B4-10B, 1997; 
ArimiUi et al-, J. Immunol. Mfeth , 212:4 9-59, 1998; Van 
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Liefde et al. f Eur. J, Pharmacol . 346: 8*7-95, 1998. The 
microphysiometer can be used for assaying adherent or 
non-adherent eukaryotic or prokaryotic cells. By 
measuring extracellular acidification changes in celt 
media ovex time, the microphysiometer directly roeasur&s 
cellular responses to various stimuli/ including 
agonists, iigands, or antagonists of the BR43x2 
polypeptide. Preferably, the raicrophysiometer is used to 
measure responses of a BR43x2~expressing eukaryotic cell, 
cofljpared to a control eufcaryotie cell that does not 
express BR43x2 polypeptide. BR43x2-expressing eukaryotic 
cells comprise cells into which BR4 3x2 has been 
trans fected, as described herein, creating a cell that is 
responsive to BR43x2-modulating stimuli; or cells 
naturally expressing BR43x2, such as BR43x2~expressing 
.cells derived from spleen tissue. Differences, measured 
by a change in extracellular acidification, for example, 
an increase or diminution in the response of cells 
expressing BR43x2, relative to a control, are a direct 
measurement of BR4 3x2 -modulated cellular responses. 
Moreover, such BR4 3x2 -modulated responses can be assayed 
under a variety of stimuli. Also, using the 

juicrophysiometer, there is provided a method of 
identifying agonists ' and antagonists d£ BR43x2 
polypeptide, comprising providing cells expressing, a 
BR43x2 polypeptide, culturing a first portion of the 
cells in the absence of a test compound, culturing a 
second portion of the cells in the presence of a test 
compound, and detecting a change, for example, an 
increase or diminution, in a cellular response of the 
second portion of the cells as compared to the first 
portion of the cells. The change in cellular response is 
shown as a measurable change . extracellular acidification 
rate. Antagonists and agonists for BR43x2 polypeptide 
can be rapidly identified using this method. 

The soluble BR43x2 is useful in studying the 
distribution "of ligands on tissues or specific cell 
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lineages, and to provide insight into receptor/ligand 
biology. Application may also be made of the specificity 
of TNF receptors for their ligands as a mechanism by 
which to destroy ligand-bearing target cells. For 
5 example, toxic compounds may be coupled to BR43x2 soluble 
receptor or BR43x2 fusion. Examples of toxic compounds 
would include radiopharmaceuticals that inactivate target 
cells; chemotherapeutic agents such as doxorubicin, 
daunorubicin, methotrexate, and Cytoxan; toxins, such as 
|S 10 ricin, diphtheria, Pseudomonas exotoxin A and abrin; and 
'X antibodies to cytotoxic T-cell surface molecules. 

H| Ztn£4 (neutrokine o, 5 ng/ml) was found to bind 

® to BR43x2 (SEQ ID N0.2), MCI (SEO ID K0t5), BCMA (SEQ ID 

B N 0: 61 and BE43xl (SEQ ID NO:7>, by FflCS analysis (Flow 

W 15 Cytometry and Sorting, Melamed et al. eds. Wiley-Lisa, 
q 1990 and Immunofluorescence and Cell Sorting, Current 

^ ■ Protocols in limnology. Volume 1, Coligan et al. eds. 

S John Hiiey t son, 1997). FITC-tagged «tn£4 (neutrokirie 

<D a) was also shown to bind specifically to, among other 

* 20 things, B lymphocytes in PBMBCs, tonsil cells, to B cell 
lymphoma cell lines (Raji, Burkitt's human lymphoma, ATCC 
CCLB6), Ramos (Burkitt's lymphoma cell line, ATCC CRL- 
1596) Daudi (Burkitt'a human lymphoma, ATCC CCL213) and 
RMI 1788 (a B lymphocyte cell line, ATCC CCL-156) using 
25 FACS analysis. No binding was seen with HL-60, (ATCC a 
promyelocyte call line, ATCC CCL-240) . Specificity for 

> binding to B cells from PBMHC and tonsil cells was 
confirmed by co-staining with B cell specific molecules 
including CD19, IgD and CD20. Similarity of rtnM 
30 (neutrokine a) to CD4Q suggested a broader tissue 
distribution than was seen. MOR, cytokine proliferation 
and T cell proliferation assays, for example, could not 
detect binding of ztnf4 (neutrokine b) to any other type 
of cell tested. Therefore, the specificity for B cells 
35 by the ligand and receptor suggests that they are useful 
for the study and treatment of autoimmunity, B cell 
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cancers r iircmxnomodulation, IBD and any antibody-mediated 
pathologies, e*g* ITCF, myasthenia gravis and LUti like. 

Ztnti (neutrokine a) has been shown to activate 
a cells resulting in B .cell proliferation, antibody 
5 production and up-regulation of activation markers in 
vitro isee examples below}. These affects require co- 
stimulation via IL-4 or other cytokines or stimulation 
through the B cell antigen receptor or other cell surface 
receptors which activate B cells, i.e!, The ligand 

10 does not act on resting B cells* Other tumor necrosis 
factor ligands, such as gp39 and THFjJ, also stimulate B 
cell proliferation. Thus the polypeptides of the current 
invention can be targeted to specifically regulate B cell 
responses, inhibiting activated B cells, during the 

15 immune response without affecting other cell populations 
which is advantageous in the treatment of disease* 
Additionally, the polypeptides of the present invention 
could be used to modulate B cell development, antibody 
production and cytokine production. BR43x2 polypeptides 

20 can also find use in inducing apoptosis and/or energy 
within cells. Polypeptides of the present invention 
could also modulate T and B cell communication by 
neutralising the proliferative effects of £tnf4 
{neutrokine a) . Bioassays and ELISAs are available to 

25 measure cellular response to ztn£4 in the presence of 
soluble BR43x2, TACX and/or BCMA* Other assays include 
those which measure changes in cytokine production as a 
measure of cellular response {see for example. Current 
Protocols in Immunology ed* John £. Coligan et al. f NIH, 

30 1996) . Assays tD measure other cellular responses, 
including antibody isotype, monocyte activation, SK cell 
formation, antigen presenting cell function, apoptosis. 

BR43x2 polypeptides of the present invention 
would be useful to neutralize the effects of ztn£4 

35 {neutrokine a) for treating pre-B or B-cell leukemias, 
such as plasma cell leukemia, chronic or acute 
lymphocytic leukemia, myelomas such as multiple myeloma. 
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plasma cell myeloma, endothelial myeloma and giant cell 
myeloma; and lymphomas such as nort-Hodgfcius lymphoma, for 
which an increase in ztnU {neutrokine a) polypeptides is 
associated. Soluble BR43x2 would be a useful component 
in a therapy regime for inhibiting tumor progression and 
survival. 

Northern blot analysis showed ztn£4 (neutrokine 
a) is expressed in CDB* cells. This suggests that in 
some autoimamne disorders, " cytotoxic T~cells might 
stimulate B-cell production through- excess production of 
itnf 4 (neutrokine a) . Immunosuppressant proteins that 
selectively block the action of B-lymphocytea would be of 
use in treating disease. Autoantibody production is 
common to several autoimmune diseases and contributes to 
tissue destruction and exacerbation of disease. 
Autoantibodies can also lead to the occurrence of immune 
complex deposition complications and lead to many 
symptoms of systemic lupus erythomatosis, including 
kidney failure, neuralgic symptoms and death- Modulating 
antibody production independent of cellular response 
would also be beneficial in many disease states. As 
"such, inhibition of ztnf4 (neutrokine a) antibody 
production would be beneficial in treatment of autoimmune 
diseases such as myasthenia gravis and rheumatoid 
arthritis. Immunosuppressant therapeutics such as soluble 
BEU3x2 that selectively block or neutralize the action of 
B-lymphocytes would be useful for such purposes. To 
verify these capabilities in BR43x2 soluble receptor 
polypeptides of the present invention, such BR43x2 
polypeptides are evaluated using assays known in the art 
and described herein- 

The effect of soluble BR43x2 polypeptides and 
fusion proteins on iinmune response can be measured by 
administering the polypeptides of the present invention 
to animals immunized with antigen followed by injection 
of ztnf4" {neutrokine a) and measuring antibody isotype 
production and T cell responses including delayed type 
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hypersensitivity and in vitro proliferation and cytokine 
production according the methods known in the. art. 

The present invention therefore provides a 
method of inhibiting neutrokine a activity in a mammal 
5 comprising administering to said mammal an amount of a 
compound selected from the group consisting of: 

a) a polypeptide of SEQ ID NO: 4; 

b) a polypeptide of SEQ ID NO:B; 

c) a fusion protein; 

0 ■ 10 d} 'a polypeptide of SEQ ID HOi5 from amino 

acid residue 1 to residue 166; 
jj| a polypeptide of SEQ ID HO: 6 from amino 

& acid residue 1 to t&sidue 150; 

jjj f) an antibody or antibody fragment which 

U 15 specifically bind* to a polypeptide of SEQ ID NO: 4; and 

* * g) an antibody or antibody fragment which 
specifically binds to a polypeptide of SEQ ID »0:B. 

Q Preferred fusion proteins include fusions of soluble 

^ BH43x2 (SEQ ID NO:4], TACI [frcun amino acid residue 1 to 

* 20 residue 166 of SEQ 10 NO: 5) or SCHA (froia amino acid 

residue 1 to residue 150 of SEQ ID HO:6J with another 
polypeptide, preferably an irmnunoglobulin heavy chain 
constant region F c fragment. 

Such methods would be particularly useful where 
neutrokine a activity is associated with activated B 
lymphocytes and for treating pre-B cell or B-cell 
cancers. Such methods would also be useful where 
neutroklne a activity is associated with antibody 
production. In particular, antibody production 

associated with autoimmune diseases such as systemic 
lupus erythomatosls, myasthenia gravis or rheumatoid 
arthritis. 

The present invention also provides BR43x2 
agonists and- antagonists. Compounds identified as BR43x2 
35 agonists are useful for modifying the proliferation and 
development of targ&t cells in vitro and in vivo. For 
example, agonist compounds are useful alone or in 
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coinbination with other cytokines and hormones as 
components of defined cell culture media. Agonists 
thus useful in , specifically jnediating the growth and/or 
development of BR43x2-bearing B lymphocytes cells in 
5 culture. Agonists and antagonists may also prove useful 
in the study of effector functions of B lymphocytes, in 
particular B lymphocyte activation and differentiation. 
Antagonists" are useful as research reagents for 
characterizing ligand-receptor interaction. 
n 10 compounds identified as BR43x2 antagonists are 

^ also useful to boost the humoral iinmune response, B cell 

8 responses are important in fighting infectious diseases 

fl including bacterial, viral, protozoan and parasitic 

Jj infections. Antibodies against infectious jaicroorganisms 

W IS can immobilize the pathogen by binding to antigen 
' followed by complement mediated lysis or cell mediated 

}2 attack. A BR4 3x2 antagonist would serve to boost the 

? humoral response and would be a useful therapeutic for 

individuals at risk for an infectious disease or as a 
& 20 supplement to vaccination* 

The invention also provides antagonists, which 
either bind to BR43x2 polypeptides or, alternatively, to 
a ligand to which BfU3x2 polypeptides bind, thereby 
inhibiting or eliminating the function of BR43x2. Such 
25 BR43X2 antagonists would include antibodies? 
oligonucleotides which bind either to the BR43x2 
i polypeptide or to its ligand; natural or synthetic 

analogs of SR43x2 Uganda which retain the ability' to 
bind the receptor but do not result in either ligand or 
30 receptor signaling. Such analogs could be peptides or 
peptide-like compounds, Natural or synthetic small 
molecules which bind to BR43x2 polypeptides and prevent 
signaling are also contemplated as antagonists. As such, 
BJU3x2 antagonists would be useful as therapeutics for 
35 treating certain disorders where blocking signal from 
either a BR43x2 receptor or ligand would be beneficial. 
Antagonists are useful as research reagents for 
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characterizing ligand-receptor interaction* BR43x2 is 
axprasssd OTi transferred 3 cell lines including -EBV 
induced and spontaneous Surfcitt's lymphoma and several B 
cell myelomas. Inhibiting the function of BR43x2 would 
5 be useful in the treatment of B cell lymphomas or 
multiple myelomas. BR43x2 antagonists, such as BR43x2 
soluble receptors or antibodies, could be used 
therapeutically to mediate tumor progression, 

the activity of agonists and antagonists can be 

10 determined by activity assays which determine the potency 
of receptor/ligand engagement. Stably transfected B~cell 
lines, such as Baf3 fa murine pre-E cell line Falacios 
and Steinmetss, ibid , and Hathey-Prevot et al,, ibid-), 
which co-express high levels of reporter gene constructs 

15 for HfKB, KFAT-l and AP-1 were siade which express BR43x2. 
Cell lines expressing TACI and BCMA were also be prepared 
in a similar manner. Ztnf4 was found to signal through 
the reporter genes in these constructs. Soluble BR43x2 
and antibodies can be used to measure binding* 

20 Art in vivo approach for assaying proteins ' of 

the present invention involves viral delivery systems. 
Exemplary viruses for this purpose include adenovirus, 
herpesvirus, vaccinia virus and adeno-associated virus 
(AAV) . Adenovirus, a double-stranded DttA virus , is 

25 currently the best studied gene transfer vector for 
delivery of heterologous nucleic acid (for a review, see 
Becker et al., Keth. Cell Biol. 43:161-89, 1994; and 
Douglas and Curiel, Science 6 Medicine 4_:44~53, 1937). 
The adenovirus system offers several advantages: 

30 adenovirus can {i} accommodate relatively large DNA 
inserts; (ii) be grown to high-titer; [iii) infect a 
broad range of mammalian cell types? and tiv) be used 
with a large number of available vectors containing 
different promoters. Also, because adenoviruses are 

3S stable in the bloodstream, they can be administered by 
intravenous injection, 
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By deleting portions of the adenovirus, genome, 
larger inserts (up to 7 kb) of heterologous DtJA can bs 
accomodated* These inserts may be incorporated into the 
viral DNA by direct ligation or by homologous 
5 recombination with a co-trans£ected plasmid. In an 
exemplary system, the essential El gene has been deleted 
from the viral vector, and the virus will not replicate 
unless the El gene is provided by the host cell {the 
human 293 cell line* is exemplary). When intravenously 
10 administered to intact aniiaals, adenovirus primarily 
targets the liver. If the adenoviral delivery system has 
an El gene deletion, the virus cannot replicate in -the 
host cells. However, the host's tissue (e.g., liver) 
will express and process (and, if a signal sequence is 
15 present, secrete} the heterologous protein. Secreted 
proteins will enter the circulation in the highly* 
vascularized liver, and effects on the infected animal 
can be determined* " ■ 

The adenovirus system can also be used for 
20 protein production in vitro. By cuituring adsnovirus- 
infected non-293 cells under conditions where the cells 
are not rapidly dividing, the cells can produce proteins 
for extended periods of time. For instance, BHK cells 
are grown to confluence in cell factories, then exposed 
25 to the adenoviral vector encoding the secreted protein of 
interest- The cells are then grown under serum-free 
conditions, which allows Infected cells to survive for 
several weeks without significant cell division, 
Alternatively, adenovirus vector infected 293S cells can 
3E> be grown in suspension culture at relatively high cell 
density to produce significant amounts of protein (see 
Gamier et al., Cytotechnol* ±5:145-55, 1994). With 
either protocol, an expressed, secreted heterologous 
protein can be repeatedly isolated from the cell culture 
35 supernatant. Within the infected 2933 cell production 
protocol, non-secreted proteins may also be effectively 
obtained. 
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Well established animal models are available to 
test in vivo efricacy of soluble BR43x2 polypeptides of 
the . present invention in certain disease states* In 
particular, soluble BR43x2 polypeptides and polypeptide 
S fragments can be tested In vivo in a number of animal 
models- of autoimmune disease, such as MRL-lpr/ipr or NSB 
x N£W Fl congenic mouse strains which serve as a model of 
SLE (systemic lupus erythematosus) . Such animal models 
are known in the art, see for example Autoimmune Disease, 

10 Models A Guidebook, Cohen and Miller jeds- Academic Pre'ss- 
Another use for In vivo models includes delivery of an 
antigen challenge to the animal followed by 
administration of soluble BR43x2 or its ligand ztnf4 
(neutroklne a) and measuring the T and B cell response. 

15 Additionally animal models can be used to identify the 
effects of soluble BR43x2 on tumors and tumor development 
in vivo. 

The invention also provides antibodies. 
Antibodies to BR43x2 or peptides having an amino acid 

20 sequence of SEQ ID NO: 8 can be obtained, for example, 
using as an antigen the product of an expression vector 
containing the polypeptide of interest, or a polypeptide 
isolated from a natural source- particularly useful 
antibodies "bind specifically" with BR43x2 or peptides 

25 having an amino acid sequence of SEQ ID NO: 8. Antibodies 
are considered to be specifically binding if the 
antibodies bind to a BR43x2 polypeptide or a polypeptide 
of StQ ID HQ:8 f " peptide or epitope with a binding 
affinity £K a > of loV* 1 or greater, preferably lO 7 ^ 1 or 

3a greater, more preferably lt^M* 1 or greater, and * most 
preferably 1D 9 M _1 or greater* The binding affinity of an 
antibody can be readily determined by one of ordinary 
skill in the art, for example, by Scatchard analysis 
[Scatchard, Ann, WY Acad, 5ci » 51:660, 1949}. Suitable 

35 antibodies include antibodies that bind with BR43x2 r in 
particular the extracellular domain of BR43x2 {amino acid 
residues 1-120 of S£Q ID NO: 2) and those that bind with 
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polypeptides having an amino acid sequence of SEQ 10 
NO: 9. 

Anti-BR43x2 antibodies can be produced using 
antigenic BR'43x2 epitope-bearing peptides and 
polypeptides. Antigenic epi tope-bearing peptides and 
polypeptides of the present invention contain a sequence 
of at least nine, preferably between IS to about 30 amino 
acids contained within SEQ ID NO: 2. However, peptides or 
polypeptides comprising a larger portion of an amino acid 
sequence of the invention, containing from 30 to 50 amino 
acids, or any length up to and including the entire amino 
acid sequence of a polypeptide of the invention, also are 
useful for inducing antibodies that bind with BR43x2. It 
is desirable that the amino acid sequence of the epitope- 
bearing peptide is selected to provide substantial 
solubility in aqueous solvents {i-e*, the sequence 
includes relatively hydrophilic residues, while 
hydrophobic residues are preferably avoided) . flydrophilic 
peptides can be predicted by one of skill in the art from 
o a hydrophobicity plot, see for example, Hopp and Woods 
t Proc. Nat. Acad, 5ci. PSA 7B:3fl24-B, 1981) and Kyte and 
Poolittle* ( J* Mol. Bigi rTsi: 105-142, 19B2) . Moreover, 
amino acid sequences containing proline residues may be 
also be desirable for antibody production* 
5 Polyclonal antibodies to recombinant BR43x2 

protein or to BR43x2 isolated from natural sources can be 
prepared using methods well-known to those of skill in 
the art. See, for example, Green et al., "Production of 
Polyclonal Antisera," in Immunochem ical Protocol? 
0 {Hanson, ed. ) , pages 1-5 (Huraana Fress 19S2) , and 
Williams et al., "Expression of foreign proteins in 
coli using plasmid vectors and purification of specific 
polyclonal antibodies," in DHR Cloning 2; Expression 
Systems , 2nd Edition, Glover et al* teds.), page 15 
5 {Oxford University Press 1995). The immunogenic! ty of a 
BR43x2 polypeptide can be increased through the use of an 
adjuvant, such as alum (aluminum hydroxide) or Freund's 
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complete or incomplete adjuvant. Polypeptides useful for 
irounizaticr: also include fusion polypeptides, such as 
fusions of BK43x2 or a portion thereof with an 
immunoglobulin polypeptide or with maltose binding 
5 protein. The polypeptide ittaminogen may be a full-length 
molecule or a portion thereof. ■ If the polypeptide 
portion is "hapten-like, " such portion may be 
advantageously joined or linked to a macromolecular 
carrier (such aV keyhole, limpet hemocyanin .(KLH) , bovine 
to 10 serum albumin {BSA) or tetanus toxoid) for immunization. 
W\ Although polyclonal antibodies are typically 

f$ raised in animals such as horse3, cows, dogs, chicken, 

& rats, mice, rabbits , hamsters, guinea pigs r goats or 

^1 sheep, an anti-BR43x2 antibody of the present invention 

E/J 15 may also be derived from a subhuman primate antibody- 
q General techniques for raising diagnostically and 

^ therapeutically useful antibodies in baboons may be 

found, for example, in Goldenberg et al-, international 
♦fj patent publication *io. WO 91/11465, and in Losman et al*, 

^ 20 Int. J» Cancer 46:310, 1990. Antibodies can also be 
raised in transgenic animals such as transgenic sheep, 
cows, goats or pigs, and may be expressed in yeast and 
fungi in modified fonns as will as in mammalian and 
insect cells. 

25 Alternatively, monoclonal anti-BEU3x2 

antibodies can be generated. Rodent monoclonal 
b antibodies to specific antigens may be obtained by 

methods known to those skilled in the art (see, for 
exareple, Kohler et al,, Nature 256:495, 1975, Coligan et 

30 al. (eds,), Current Protocols In Immunology, Vol. - 1, 
pages 2.5.1-2.6.7 {John Wiley £ Sons 1991), Picksley et 
al,, "Production of monoclonal antibodies against 
proteins expressed in E. coli, " in DHA * Cloning 2; 
Expressi on Sys terns, 2nd Sditi on , Glover et al. (eds.), 

35 page 93 (Oxford University Press 1995)). 

Briefly, monoclonal antibodies can be obtained 
by injecting mice with a composition comprising a BR4 3x2 
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gene product, verifying the presence of antibody 
production by removing a serum sarnple, removing the 
spleen to obtain B-lytfcphocytes, fusing the B-lymphocytes 
with myeloma cells to produce hybridomas, cloning the 
hybridomas, selecting positive clones which produce 
antibodies to the antigen, culturing the clones that 
produce antibodies to the antigen, and isolating the 
antibodies from the hybridoma cultures. 

In addition, an anti-BM3x2' antibody of the 
present invention may be derived from a human monoclonal 
antibody. Human monoclonal antibodies are obtained from 
transgenic mice that have been engineered to produce 
specific human antibodies in response to antigenic 
challenge. In this technique, elements of the human heavy 
and light chain locus are introduced into strains of mice 
derived from embryonic stem cell lines that contain 
targeted disruptions of the endogenous heavy chain and 
light 'chain loci. The transgenic mice can synthesize 
human antibodies specific for human antigens, and the mice 
can be used to produce human antibody- secreting 
hybridomas. Methods for obtaining human antibodies from 
transgenic mice are described, for example, by Green et 
al-/ Nat. Genet . 7:13, 1994 , Lonberg et al., Nature 
368;B56, 199-1, and Taylor et al., Int. Immun . 6; 579, 1994. 

Monoclonal antibodies can be isolated and 
purified from hybridoma cultures by a variety of well- 
established techniques. Such isolation techniques 
include affinity chromatography with Protein-A Sepharose, 
size-exclusion chromatography, and ion-exchange 
chromatography isee, for example, Coligan at pages 2*7.1- 
2.7.12 and pages 2.9.1-2.9.3; Baines et al>, 
^Purification of Immunoglobulin G (XgG), w in M ethods in 
Molecular Biology , Vol. 10, pages 79-104 {The Humana 
Press, Inc. 1992)}. 

For particular uses, it may be desirable to 
prepare fragments of anti-BR43x2 antibodies. Such 
antibody fragments can be obtained r for example, by 
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proteolytic hydrolysis of the antibody. Antibody 
fragments can be obtained by pepsin or papain digestion 
of whole antibodies by conventional methods. As * an 
illustration, antibody fragments can be produced by 
enzymatic cleavage of antibodies with pepsin to provide a 
5S fragment denoted F{ab'h- This fragment can be further 
cleaved using a thiol reducing agent to produce 3.5S Fab 1 
monovalent fragments* Optionally, the cleavage reaction 
can be performed using a blocking group for "the 
sulfhydryl groups that result from cleavage of disulfide 
linkages. As an alternative, an enzymatic cleavage using 
pepsin produces two monovalent Fab fragments and an Fc 
fragment directly. These methods are described, for 
example, by Goldenberg, U.S. patent So. 4, 331, 647 , 
Nisonoff et al., Arch Biochem, Biophys . B9:230, I960, 
Sorter, Biochem, J . 13:119, 1959, Edelman et al., in 
Methods in Ens veto logy Vol. 1, page 422 (Academic Press 
1967)/ and by Coligan, ibid ■ 

Other methods of cleaving antibodies, such as 
separation of heavy chains to form monovalent light-heavy 
chain fragments, further cleavage of fragments, or other 
enrymatic, chemical or genetic techniques may also be 
used, so long as the fragments bind to the antigen that 
is recognised by the intact antibody. 

For example, Fv fragments comprise an 
association of V E and V*, chains. This association can be 
noncovalent, as described by Inbar et al., Proc. Natl> 
Acad. Sci- PSA 69:2659, 1972. Alternatively, the 
variable chains can be linked by an intermolecular 
disulfide bond or cross-linked by chemicals such as 
gluteraldehyde (see, for example, Sandhu, Crifc* Rev. 
Biotech . 12:437, 1992). 

The Fv fragments may comprise V H and Vs. chains 
which are connected by a peptide linker. These single- 
chain antigen binding proteins (scFv) are prepared by 
constructing a structural gene comprising BHA sequences 
encoding the V B and V L domains which are connected by an 
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oligonucleotide. The structural gene is inserted into an 
expression vector which is subsequently introduced into a 
host cell, such as B. coli. The recombinant host cells 
synthesize a single polypeptide chain with a lintec 
5 peptide bridging the two V domains. Methods for 
" producing scFvs are described, for example, by Whitlow et 
al., Methods: A Companion .to Methods in EnEymologX £ :97 ' 
1991, also see, Bird et al., Science 242:423, 19BB, 
Ladner et al., U-S. . Patent No. • 4, 946, 77B, Pack et al., 
10 Bio/Technology 11:1271, 1993 ' and Sandhu, ibid. 

As an illustration, a scFV can be obtained by 
exposing lymphocytes to BR43x2 polypeptide in vitro, and 
selecting antibody display libraries in phage or similar 
vectors (for instance, through use of immobilized or 
IS labeled B&43*2 protein or peptide). Genes encoding 
polypeptides having potential BR43x2 polypeptide binding 
domains can be obtained by screening random peptide 
libraries displayed on phage (phage display) or on 
bacteria, such as E. coli. Nucleotide sequences encoding 
20 the "polypeptides can be obtained in a number of ways, 
such as through random mutagenesis and random 
polynucleotide synthesis. These random peptide display 
libraries can be used to screen for peptides which 
interact with a known target which can be a protein or 
25 polypeptide, such is a ligand ox receptor, a biological 
or synthetic macromoiecule, or organic or inorganic 
substances. Techniques for creating and screening such 
random peptide display libraries ace known in the art 
(ladner et al-, U.S. Patent Ho. 5,223,409, Ladner et al., 
30 U.S. Patent Ho. 4,946,778, Ladner et al., 0.S- Patent tfo. 
5,403,484, Udner et al., U.S. Patent No. 5,571, 698, -and 
Kay et al-, Phaoe Displa y of Peptides and Proteins 
(Academic Press, Inc. 1996)) and random peptide display 
libraries and kits for screening such libraries are 
35 available commercially, for instance from Clontech (Palo 
Alto, CA), Invitrocfen Inc. (San Diego, CA> , New England 
Biolabs, Inc. (Beverly, MA), and Pharmacia -LKB 
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Biotechnology Inc. {Piscataway, HJJ - Random peptide 
display libraries can be screened using the BR43x2 
sequences disclosed herein to identify proteins which 
bind to BK43x2, 

Another form of an antibody fragment is a 
peptide coding for a single complementarity -determining 
region (CDRK CDR peptides ("minimal recognition units") 
can be obtained by constructing genes encoding the CDR of 
an antibody of interest. Such genes are prepared, for 
example, by using the polymerase chain reaction to 
synthesize the variable region from RNA of antibady- 
producing cells [see, for example, Larrick et al«, 
Methods: A Companion to Methods in Enzymolooy 2:106, 
1991), Courtenay-fcuck, "Genetic Manipulation of 
Monoclonal Antibodies," in Monoclonal Antibodies : 
Production, Engineering and Clinical Application , Ritt&r 
et al. teds.), pags 166 [Cambridge University Press 
1995 ), and Sard et al., "Genetic Manipulation and 
Expression of Antibodies," in Monoclonal Antibodies : 
Principles and Applications , Birch et al., (eds.}, page 
137 {Wiley-Liss, Inc. 1995)1- 

Alternatively, an anti-BSU3x2 antibody may be 
derived from a * humanized^ . monoclonal antibody. 
Humanized monoclonal antibodies are produced by 
transferring mouse complementary determining regions from 
heavy and light -variable chains of the mouse 
immunoglobulin into a human variable domain. Typical 
residues of human antibodies are then substituted in the 
framework regions of the murine counterparts. The use of 
antibody components derived from humanized monoclonal 
antibodies obviates potential problems associated with 
the immunogenicity of murine constant regions. General 
techniques for cloning murine immunoglobulin variable 
domains are described, for example, by Drlandi et al., 
Froc» Natl. Acad, Scl. USA 86:3833, 1989, Techniques -for 
producing humanized monoclonal antibodies are described, 
for example, by Jones et al., Mature 3U ;522 ' 1&B6, 
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Cotter et al., °— Acad. Sri- USA 19:4285, -1992, 

Sandhu, Mt. Rev- Biotech. 12-"* 37 ' 19K, s^er et al.. 
j. ibb) , 150:2644, 1993, Sadhir (ed.), Antibod y. 
En ^naarino Protocols {Humana Press, Inc. 1995), Kelley, 
5 "Engineering Therapeutic Antibodies," in Protein 
En gineering: Principles and Practice, Cleland et al. 
(•da.), pages 399-434' Uoha Siley * Sons, Inc. 1996). 
by Queen et al., U.S. Patent Bo. 5, 693,762 (1997) . 

Polyclonal anti-idiotype antibodies can be 

10 prepared by immunizing anl^ls «ith anU-BM3x2 
antibodies or antibody fragments, wing standard 
techniques. See, for example, Green et al., "Production 
of Polyclonal Antisera," in Methods In Molecular Biology: 
immunochemical Protocols , Hanson (ed.), pages 1-12 

15 (Humana Press 1992). Also, see Coligan, ibid, at pages 
2.4.1-2.4.7. Alternatively, monoclonal anti-idiotype 
antibodies can be prepared using a n ti-BR43x2 antibodies 
or antibody fragments as' iiraunogens with the techniques, 
described above. As another alternative, humanized anti- 

20 idiotype antibodies or subhuman primate anti-idiotype 
antibodies can be prepared using the above-described 
techniques. Methods for producing anti-idiotype 
antibodies are described, for example, by Irie, U.S. 
Patent No. 5,209,146, Greene, et. al., U.S. Patent Ho. 
25 5,637,677, and Varthakavi and Hinocha, J.. Gen. Virol. 

77:1B7S, 199S. 

Antibodies or polypeptides herein can also be 
directly or indirectly conjugated to drugs, toxins, 
radionuclides and the like, and these conjugates used for 

30 in vivo diagnostic or therapeutic applications. For 
instance, polypeptides or antibodies of the present 
invention can be used to identify or treat tissues or 
organs that express a corresponding anti-complementary 
molecule (receptor or antigen, respectively, for 

35 instance). More specifically, BR43x2 polypeptides or 



anti-B5U3x2 antibodies/ or bioactive fragments or 
portions thereof, can be coupled to detectable - or 
cytotoxic molecules and delivered to a matronal having 
cells, tissues or organs that express the anti- 
5 complementary molecule* 

Suitable detectable molecules may be directly 
or indirectly attached to the polypeptide or antibody, 
and include radionuclides, enxymes, substrates* 
cof actors, inhibitors, fluorescent markers , 

10 chemilumine scent markers, magnetic particles and the 
lifce. Suitable cytotoxic molecules may be directly or 
indirectly attached to the polypeptide or antibody r and 
include bacterial or plant toxins {for instance, 
diphtheria toxin, Pseudomonas exotoxin, ricin, abrin and 

15 the like) r as well as therapeutic radionuclides, such as 
iodine-131, rhenium-IB B or yttrium-90 (either directly 
attached to the polypeptide or antibody, or indirectly 
attached through means of a chelating moiety, for 
instance)* Polypeptides or antibodies may also.be 

20 conjugated to cytotoxic drugs, such as adriamycin- For 
indirect attachment of a detectable or cytotoxic 
molecule, the detectable or cytotoxic molecule -can be 
conjugated with a member of a 

complementary /anticomplementary pair, where the other 

25 member is bound to the polypeptide or antibody portion* 
for these purposes, biotin/streptavidin is an exemplary 
complementary/ anticomplementary pair. 

Soluble BR43x2 polypeptides or antibodies to 
BR43x2 can be directly or indirectly conjugated to drugs, 

30 toxins, radionuclides and the like, and these conjugates 
used for- in vivo diagnostic or therapeutic applications. 
For instance, polypeptides or antibodies of the present 
invention can be used to identify or treat tissues or 
organs that express a corresponding anti-complementary 

35 molecule (receptor or ■ antigen, respectively, for 
instance}. More specifically, BfU3x2 polypeptides or 
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anti-BR43x2 antibodies, or bioactive fragments or 
portions thereof, tan he coupled to detectable or 
cytotoxic molecules and delivered to a mammal having 
cells, tissues or organs that express the anti- 
complementary molecule. 

Suitable detectable molecules can be directly 
or indirectly attached to the polypeptide or antibody, 
and include radionuclides, enzymes, substrates, 
cofactors, inhibitors, fluorescent markers, 

chemiluminescent markers, magnetic particles and the 
like. Suitable cytotoxic molecules can be directly or 
indirectly attached to the polypeptide or antibody, -and 
include bacterial or plant toxins (for instance, 
diphtheria toxin, Pseutfosronas exotoxin, ricin, abrin and 
the like), as well as therapeutic radionuclides, such as 
iodine-131, rhenium™iB9 or yttriurc-90 {either directly 
attached to the polypeptide' or antibody, or indirectly 
.attached through means of a chelating moiety, lor 
instance) . Polypeptides or antibodies can also be 
conjugated to cytotoxic drugs, such as adriamycin. For 
indirect attachment of a detectable or cytotoxic 
molecule, the detectable or cytotoxic molecule can be 
conjugated with a member of a complementary/ 
anticomplementary pair, where the other member is bound 
to the polypeptide or antibody portion. For these 
purposes, biotin/streptavidin is an exemplary 

complementary/ anticomplementary pair. 

Such polypeptide-tDxin fusion proteins or 

antibody/fragment-toxin fusion proteins can be used for 

targeted cell or tissue inhibition or ablation tfor 

instance, to treat cancer, cells or tissues). 

Alternatively, if the polypeptide has multiple functional 

domains (I.e., an activation domain or a ligand binding 

domain, plus a targeting domain), a fusion protein 

including only the targeting domain can be suitable for 

directing a detectable molecule, a cytotoxic molecule or 
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a complementary molecule to a cell or tissue type of 
interest* In instances where the domain Drily fusion 
protein includes a complementary molecule, the anti- 
complementary molecule can be conjugated to a detectajble 
5 or cytotoxic molecule. Such domain-complementary 

molecule fusion proteins thus represent a generic 
targeting vehicle for cell/tissue-specific delivery of 
generic an ti-complamentary-de tec table/ cytotoxic molecule 
conjugates. The bioactive polypeptide or antibody 
10 conjugates described herein can be delivered 
intravenously, intraarterially or intraductally, or may 
be introduced locally at the intended site of action,. 

Antibodies can be made to soluble, BR43x2 
polypeptides which are His or FLAG*" 1 tagged. Antibodies 

15 can also be prepared to £. coii produced MBP-fusion 
proteins* Alter natively, such polypeptides could Include 
a fusion protein with Human Ig. In particular, antiserum 
containing polypeptide antibodies to Ris-tagged, or 
FLAG m -tagged soluble BR43x2 can be used in analysis of 

20 tissue distribution of BR43x2 by iromunohist ©chemistry on 
human or primate tissue. These soluble BR43x2 

polypeptides can also be used to immunize mice in order 
ro produce monoclonal antibodies to a soluble human 
BR43x2 polypeptide. Monoclonal antibodies to a soluble 

2$ human BR43x2 polypeptide can also be used to mimic 
ligand/receptor coupling r resulting in activation or 
inactivation of tbe ligand/receptor pair. For instance, 
it has been demonstrated that cross-linking anti-soluble 
CO40 monoclonal antibodies provides a stimulatory signal 
-30 to B cells that . have been sub-optimally activated with 
anti-IgM or L&$, and results in proliferation and 
immunoglobulin production. these same monoclonal 

antibodies act as antagonists when used in solution* by 
blocking activation of the receptor. Monoclonal 

35 antibodies to BR43x2 can be used to determine the 
distribution, regulation and biological interaction of 
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the BR43x2/BM3x2-ligand pair on specific cell lineages 
identified by tissue distribution studies. 

The invention also provides isolated and 
purified BR43x2 polynucleotide probes or primers. Such 
5 polynucleotide probes can be RNA or DtfA can be 

either cDHA or genomic DNA- Polynucleotide probes are 
single or double-stranded or RNA, generally synthetic 
oligonucleotides, but may be generated from cloned cDKA 
or genomic sequences and will generally comprise at least 

10 16 nucleotides, more often from 1"? nucleotides to 25 or 
more nucleotides, soma times 40 to 60 nucleotides, and in 
some instances a substantial portion, domain or even the 
entire BM3x2 gene or cDNJU Probes and primers are 
generally synthetic oligonucleotides, but may r be 

15 generated from cloned cDNA or genoiiiic sequences or its 
complements, Analytical probes will generally be at 
least 20 nucleotides in length/ although somewhat shorter 
probes [14-17 nucleotides) can be used. PCR primers are 
at least 5 nucleotides in length, preferably 15 or more 

20 nt, more preferably 20-30 nt. Short polynucleotides can 
be U3ed when a small region of the gene is targeted for 
analysis. For gross analysis of genes, a polynucleotide 
probe may comprise an entire axon or more. Probes can be 
labeled to provide a detectable signal, such as with an 

25 enzyme, biotin, a radionuclide, fluorophore, 
chemiluminescer, paramagnetic particle and the like, 
which are commercially available from many sources r such 
as Molecular Probes, Inc., Eugene, OR, and fcraersham 
Corp., Arlington Heights, lb, using techniques that are 

30 well known in the art. Preferred regions from which to 
construct probes include the ligand binding region, 
cysteine-rich pseudo repeats, signal sequences, and -the 
like* Techniques for developing polynucleotide probes 
and hybridisation techniques are known in the art, see 

35 for example, Ausubel et al., eds., Current Protocols in 
Hoi e cula r Biology r John Wiley and Sons, Inc., NY, 1991. 



69 



BR43x2 polypeptides may be used within 
diagnostic svstems to detect the presence of BR43x2 and 
BR43x2 ligand polypeptides. The itif ormation derived from 
such detection methods would provide insight into the 
significance of BR43x2 polypeptides ±n various diseases , 
and as a would serve a3 diagnostic tools for diseases for 
which altered levels of SR43x2 are significant. Altered 
levels of BROx2 receptor polypeptides may be indicative 
of pathological conditions including cancer r autoimmune 
disorders and infectious diseases. 

In a basic assay, a single -stranded pxobe 
jnoiecule is incubated with Mh, isolated from a 
biological sample, under conditions of temperature and 
ionic strength that promote base pairing between the 
probe and target BR43x2 RNA species, After separating 
unbound probe from hybridized molecules t the amount of 
hybrids is detected, 

fl ell-established hybridization methods of RNA 
detection include northern analysis and dot/slot b'lot 
hybridisation (see, for example, Ausubel ibid * and Wu et 
al, (eds.), "Analysis of Gene Expression at the RNA 
Level, * in Methods in^ ^ene Biotechnology, pages 225-239 
(CRC Press, Inc. 1997)). Nucleic acid probes can be 
detectably labeled with radioisotopes such as M P or 35 S, 
Altematively r BR43x2 RNA can b& detected with a 
nonradioactive hybridization method {see, for example, 
Isaac {edj, Protocols for Kucieic Acid Analysis by 
Nonradioactive Probes, Humana Press, Inc., 1593). 
Typically, nonradioactive detection is achieved by 
enzymatic conversion of chromogenic or chemilurtEinescent 
substrates* Illustrative nonradioactive moieties include 
biotin, fluorescein, and digoxigenin- 

BR43x2 oligonucleotide probes are also useful 
for in vivo diagnosis. As an illustration, n F-labeled 
oligonucleotides - can be administered to a subject and 
visualized by positron emission tomography (Tavitian et 
Hature Hedicine 4:467, 1998). 
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Numerous diagnostic procedures take advantage 
of the polymerase chain reaction (PCR) to increase 
sensitivity of detection methods. Standard techniques 
for performing PCR are well-known (see, generally, Mathew 
5 (ed.)f Protocols in Human Holecular Genetics (Humana 
Press, Inc. 1991), White (ed.)', PCR Protocols : Current 
Methods and Applications (Humana Press, Inc. 1993), 
Cotter fed.), Molecular Diagnosis of Cancer (Humana 
Press, Inc. 1996}, Hanausek and Walaszek {eds.), ?uiaO£ 

XP Marker Protocols [Hujnana Press, Inc. 1399) , ho (ed*J, 
Clinical applications of PCR (Humana Press, Inc. 1938) , 
and Meltser fed,), PCH in Bjoanalysis IHumana Press, Inc. 
1998)). PCR primers can be designed to amplify a 
sequence encoding a particular BRfl3x2 domain or motif, 

IS such as the BR43x2 RHA-binding domain {encoded by about 

nucleotide 219 to 449 of SEQ ID N0:1 or nucleotides 92 to 

322 of SEQ ID NO: 6) . 

One variation of PCR for diagnostic assays is 

reverse trans criptase-PCR (RT-PCR] . In the RT-PCR 

20 technique, RHA is isolated from a biological sample, 
reverse transcribed to cDKA r and the cPNA is incubated 
with BR43x2 primers (see, - for example, «u et al. (eds.), 
*Rapid Isolation of Specific cDKAs or Genes by PCR,"' in 
Methods in Gene Biotechnology , CRC Press, Inc., pages 15- 

25 28, 1997). PCR is then performed and the products are 
analyzed using standard techniques. 

As an illustration, RKA is isolated from 
biological sample using, for example, the guanidinium- 
thiocyanate cell lysis procedure described above. 

30 Alternatively, a solid-phase technique can be used to 
isolate raRHA from a cell lysate. A reverse transcription 
reaction can be primed with the isolated RNA using random 
oligonucleotides, short homopolyroers of dT, or BR43x2 
anti-sense oligomers. Oligo-dT primers offer -the 

35 advantage that various mRNA nucleotide sequences are 
amplified that can provide control target sequences. 
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BR43x2 sequences are amplified by the polymerase chain 
reaction using two flanking oligonucleotide primers that 
are typically at least 5 bases in length, 

PtR amplification products can be detected 
5 using a variety of approaches. For example, PGR products 
can be fractionated by gel electrophoresis r and 
visualized by ethidium bromide staining. Alternatively, 
fractionated PCR products can be transferred to a 
membrane, hybridized with a detectabiy-labeled BR*3x2 
10 prober and examdned by autoradiography. Additional 
alternative approaches include the use of digoxigenin- 
labeled deoxyribonucleic acid triphosphates to provide 
chemiluminescence detection, and the OTfcAK coloximetric 
assay. 

15 Another approach is real time quantitative -PCR 

IPerkin-Sljaer Cetus, Korvalk, Ct.). A fluoxogenic probe, 
consisting of an oligonucleotide with both a reporter and 
a quencher dye attached, anneals specifically between the 
forward and reverse primers. Osing the 5' endonutlease 

2Q activity of Taq DNA polymerase, the reporter dye is 
separated from the quencher dye and a sequence-specific 
signal is generated and increases as amplification 
increases. The - fluorescence intensity can be 

continuously monitored and quantified during the PCR 

25 reaction. 

Another approach for detection of BR43x2 
expression is cycling probe technology (CPT) , in which a 
single-stranded Uffh target binds with an excess of DNA- 
RNA-DHA chimeric probe to form a complex, the RNA portion 

30 is cleaved with RHase H, and the presence of cleaved 
chimeric probe is detected (see* for example, Beggs et 
aL, j. Clin* Microbiol . 34:29B5, 1396 and Befckaoul et 
al,, Biotechniques 20:240, 1996). Alternative methods 
for detection of BR43x2 sequences can utilize approaches 

35 such as nucleic acid sequence-based amplification 
(HASBA) t cooperative amplification of templates by cross- 
hybridization (CATCH) , and the ligase chain reaction 
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[LCR} {see, for example, Marshall et al*, U.S. Patent No* 
5,686,272 {1997), Dyer et a*., J, Virol. Methods 60:161, 
1996; Ehricht et al., Eur, J. Biochem . 243:358, 1997 and 
Chadwick et al., J. Virol. Methods 70:59, 199S) . Other 
standard methods are known to those of skill in the art. 

SR43x2 probes and primers can also be used to 

detect and to localize BR43x2 gene expression in tissue 
samples. Methods for such in situ hybridization are 
well-known to those of skill in the art (see, for 
example, Choo (ed.>, In Situ Hybridizat ion Protocols, 
Humana Press, Inc., 1934; Wu et al* {eds.), "Analysis of 
Cellular OKA or Abundance of mRHA by Radioactive In Situ 
Hybridization (RISK) , * in Methods in Gene Siote chnology, 
CRC Press, Inc., pages 259-278, 1997 and flu et al. leds.), 
"Localization of OKA or Abundance of HiRHA by Fluorescence 
In Situ Hybridization fRlSH) , " in Methods in Gene 
Biotechnology , CRC Press, Inc., pages 279-2B9, 1997). 

Various additional diagnostic approaches ,are 
w&U-known to those of skill in the art {see, for 
example, Matnev (ed.J, Protocols in Human Molecular 
Genetics Humana Press, Inc., 1991; Coleman and Tsongalis, 
Molecular Diagnostics , Humana Press, Inc., 1996- and 
Elles, Molecular Diagnosis of Genetic Diseases , Humana 
Press, Inc., 1996] . 

In addition, such polynucleotide probes could 
be used to hybridize to counterpart sequences on 
individual chromosomes , Chromosomal identification 

and/or mapping of the BR43x2 gene could provide useful 
information about gene function and disease association. 
Many mapping techniques are available to one skilled, in 
the art, for example, mapping somatic cell hybrids, and 
fluorescence in situ hybridization (FISH) . A preferred 
method is radiation hybrid mapping. Radiation hybrid 
mapping is a somatic call genetic technique developed for 
constructing high-resolution, contiguous maps of 
mammalian chromosomes (Cox et al.. Science 250:245-50, 
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1990), Partial or full knowledge of a gene's sequence 
allows the designing of PCR primers suitable for use with 
chromosomal radiation hybrid [napping panels. 
Commercially available radiation hybrid mapping panels 
5 vhich covsr the entire human genome, such as the Stanford 
G3 RH Panel and the GeneBridge A RH Panel [Research 
Genetics, Inc., Huntsville, Ai), are available- These 
panels enable rapid, PCR based, chromosomal localizations 
and ordering of genes, sequence-tagged sites |5T3s) r and 

10 other non-polymorphic- and polymorphic markers within a 
region of interest. This includes establishing directly 
proportional physical distances between newly discovered 
genes of interest and previously mapped markers. The 
precise knowledge of a gene's position can he useful in a 

IS number of ways including: 1} determining if a sequence is 
part of an existing contig and obtaining additional 
surrounding genetic sequences in various forms such- as 
YAC-, BAO or cDKA clones, 2) providing a possible 
candidate gene for an inheritable disease which shows 

20 linkage to the same chromosomal region, and 3) for cross- 
referencing model organisms such as' mouse which may be 
beneficial in helping to determine what function a 
particular gene might have. 

Chromosomal localization can also be done using 

25 STSs. An STS is a DKA sequence that is unique in thfc 
human genome and can be used as a reference point foe a 
particular chromosome Dr region of a chromosome * An STS 
can be defined by a pair of oligonucleotide primers that 
can be used in a polymerase chain reaction • to 

3 0 specifically detect this site in the presence of all 
other genomic sequences. Since STSs are based solely on 
DNA sequence they can be completely described within a 
database, for example. Database of Sequence Tagged Sites 
JdbSTS) , Gen&ank, (National Center for Biological 

35 Information, National Institutes of Health, Bethesda/ KD 
httos / /www. ncbi . nlm.nih.gov) , they can be searched with a 
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gene sequence of interest for the mapping data contained 
within these short genomic landmark STS sequences. 

The present invention also provides reagents 
for additional diagnostic applications. For example, the 
Bftf3x2 gene r a probe comprising BR43x£ DHA or RNA, or a 
subsequence thereof can be used to determine if the 
BR43*2 gene is present on a particular chroracsome or if a 
imitation has occurred. Detectable chromosomal 

aberrations at the BR43x2 gene locus include, but are not 
limited to, aneuploidy, gene copy number changes, 
insertions, deletions, restriction site changes and^ 
rearrangements. These aberrations can occur within the 
coding sequence, within introns; or within flanking 
sequences, including upstream promoter and regulatory 
15 regions, and may be manifested as physical alterations 
within a coding sequence or changes in gene expression 
level - 

In general, these diagnostic methods comprise 
the steps of ta) obtaining a genetic sample from a 
patient; (b) incubating the genetic sample with a 
polynucleotide probe or primer as disclosed above, under 
conditions wherein the polynucleotide will hybridize to 
complementary polynucleotide sequence, to produce a first 
reaction product; and (iii) comparing the first reaction 
product to a control reaction product. & difference 
between the first reaction product and the control 
reaction product is indicative of a genetic abnormality 
in th« patient. Genetic samples for use within the 
present invention include genomic DNA, cDfiA. and RMft. 
30 The polynucleotide probe or primer can be RKA or DMA, and 
will comprise a portion of S£Q ID NO;3, the complement of 
SEQ ID HO:l, or an RNA equivalent thereof. Suitable 
assay methods in this regard include molecular gene'tic 
techniques fcnown to those In the art, such as restriction 
35 fragment length polymorphism (RFLP) analysis, short 
tandem repeat (STR) analysis employing PCS techniques, 
ligation chain reaction {Barany, PCK Methods — and 
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Applications - 1:5-16, 1991), rihonuclease protection 

assays, and other genetic linkage analysis techniques 

known in the art {Sanibrook at al,, ibid *; Ausubel et. 

al., ibid-r Marian, Chest 108:255-65, 1995), 

Ribonuclease protection assays {see, e^g., Ausubel et 

al., ibid » , ch. A) comprise the hybridization of an RNA 

probe to a patient RHA sample, after which the reaction 

product [RNA-RNA hybrid) is exposed to RWase. Hybridised 

regions of the RNA ate protected -from digestion. Within 

PCR assays, a patient's genetic sample is incubated with 

a pair of polynucleotide primers, and the region between 

the primers is amplified and recovered. Changes in size 

or amount of recovered product are indicative ^ of 

mutations in the patient. Another PCR-based technique 

that can he employed is single strand conformational 

polymorphism (SSCP) analysis {Hayashi, PCR Bethods and 

Applications 1:34-8, 1991). 

Antisense methodology can be used to inhibit 

BR43k2 gene transcription, such as to inhibit B cell 

development and interaction with other cells. 

Polynucleotides that are complementary to a segment of a 

BR 4 3x2- encoding polynucleotide {e.g., a polynucleotide as 

set forth in 5EQ 10 HO: 3) are designed to bind to BR43x2- 

encoding mHWA and to inhibit translation or* such mRttA. 

Such antisense polynucleotides are used to inhibit 

expression of BR43x2 polypeptide~encoding genes in cell 

culture or in a subject* 

Mice engineered to express BR43x2, referred to 

as ^transgenic mice," and mice that exhibit a complete 

absence of BR43x2 function, referred to as "knockout 

mice r n may also be generated {Snouwaert et al*, Science 

257:10B3, 1992; Lowell et al-, Nature 366:740-42, 1993; 

Capecchi, Science 2j4£: 12B8-S2, 1989; Palmiter et al. 

Annu Rev Genet. 20: 465-99, 19B6) . For example, 

transgenic , mice that over-express BR43x2, either 

ubiquitously or under a tissue-specific or tissue- 
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restricted promoter can be used to ask whether over- 
expression causes a phenotype* Far example, over- 
expression of a wild-type BR43x2 polypeptide, polypeptide 
fragrant or a mutant thereof may alter normal cellular 
processes, resulting in a phenotype that identifies a 
tissue in which Bfc4 3x2 expression is functionally 
relevant and may indicate a therapeutic target for 
BR43x2, its agonists or antagonists. For example, a 
preferred transgenic mouse to engineer is one that over- 
expresses soluble BR43x2. Moreover, such over-expression 
may result in a phenotype that shows similarity with 
human diseases. Similarly, knockout BtU3x2 mice can be 
used to determine where BR43x2 is absolutely required in 
vivo. The phenotype of knockout mice is predictive of 
the in vivo effects of that a BR43x2 antagonist, such as 
those described herein, may have. The human BR43x2 cDNA 
can be used to isolate murine BR43x2 mRNA, cDNA and 
genomic DHA, which are subsequently used to generate 
knockout mice. These mice may be employed to study the 
BR43x2 gene and the protein encoded thereby in an in vivo 
system, and can be used as 'in vivo models for 
corresponding human diseases- Moreover, transgenic mice 
expression of BR43x2 antisense polynucleotides or 
ribozymes directed against SR43x2, described herein, can 
be used analogously to transgenic mice described above. 

Pharmaceutical^ effective amounts of BR43x2 
polypeptides of the present invention can be formulated 
with pharmaceutical!? acceptable carriers for parenteral, 
oral, nasal, rectal, topical, transdermal administration 
or the lik&r according to conventional methods. 
Formulations may further include one or more diluents, 
fillers, emulsifiera, preservatives, buffers, excipients, 
and the like, and may be provided in such forms ^ as 
liquids, powders, emulsions, suppositories, liposomes, 
transdermal patches and tablets, for example. Slow or 
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extended-release delivery systems, including any of a 
number of biopolymers {biological-based systems), systems 
employing liposomes, and polymeric delivery systems, can 
also be utilized with the compositions described herein 
5 to provide a continuous or long-term source of the BR43x2 
polypeptide or antagonist. Such slow release systems axe 
applicable to formulations, for example, for oral, 
topical and parenteral use. The terra *pbarniaceuticaily 
acceptable carrier" refers to a carrier- medium' which does 

10 not interfere with the effectiveness of the biological 
activity of the active ingredients and which is not toxic 
to the host ox patient. One skilled in the art may 
formulate the compounds of the present invention in an 
appropriate manner, and in accordance with accepted 

15 practices, such as those disclosed in Remington: The 
Science ^ and ? re c t ice of Pharmacy, Gennaro, ed*, frfack 
Publishing Co., Easton PA, 19th fid., 1995. 

As used herein a " pharmaceutical^ effective 
amount" of a BR43x2 polypeptide, agonists or antagonist 

20 is an amount sufficient to induce a desired biological 
result. The result can b& alleviation of the signs, 
symptoms, or causes of a disease, or any other desired 
alteration of a biological * system.' For example, an 
effective amount of a 3R43x2 polypeptide is that which 

25 provides either subjective relief of symptoms or an 
objectively identifiable improvement as noted by the 
clinician or other qualified observer. For example, such 
an effective amount of a BR43x2 polypeptide would provide 
a decrease in B cell response during the immune response, 

30 inhibition or decrease in autoantibody production, 
inhibition of diminution of symptoms associated with SLE, 
HG or RA. Effective amounts of the B&43x2 polypeptides 
can vary widely depending on the disease or symptom to be 
treated, the amount of the polypeptide to be 

35 administered and its concentration in the formulations, 
depends upon the vehicle selected, route of 
administration, the potency of the particular 
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polypeptide, the clinical condition of the patient, the 
side effects and the stability of the compound ^ in the 
formulation. Thus, the clinician will" employ the 
appropriate preparation containing the appropriate 
concentration in the formulation, as well as the amount 
of formulation administered, depending upon clinical 
experience with the patient in question or with similar 
patients- Such amounts will depend, in part, on the 
particular condition to be treated, age, weight, and 
general health of the patient, and other factors evident 
to those skilled in the art. Typically a dose will be in 
the range of 0.1-100 mg/kg of subject. Doses' for 
specific compounds may be determined from in vitro or ex 
vivo studies in combination with studies on experimental 
15 animals. Concentrations of compounds found to be 
effective in vitro or ex vivo provide guidance for animal 
studies, wherein doses are calculated to provide similar 
concentrations at the site of action. 

The invention is further illustrated by the 
20 following non-limiting examples. 
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EXAMPLES 

25 Example _.l 

Identification of aK43x2 

The TRCI isoform was cloned from RPMX array 
library using secretion trap approach. An RBMI 178B 

30 (activated B-ceU line) library was arrayed using twenty 
96-well plates. Each well contained about 100 E. coLi 
colonies, with each colony containing one cDHA clone, 
DNK minipreps were prepared in 96-well format using 'the 
Totrttech Quadra 9600. The isolated DUK was then pooled 

35 into 120 pools which represent 1600 clones each. These 
pools were transfected into Cos-l cells and plated into 
12-well plates. Three microliters of pool DNA and 5 |il 
LipofectAMIttE were mixed in 92 pi serum-free DMEtf media 



75 

(55 rag sodiuia pyruvate, 14 6 ing L-giutamine, 5 mg 
transferrin, 2.5 mg insulin, 1 ug selenium and 5 mg 
fetuin in 500 nil DME>3) , incubated at roam temperature for 
30 minutes, followed by addition of 400 fil serum-free 
mm media. The DNA-LipofectAMI^E mix was added onto 
220,000 Cos~7 cells/well plated on 12-well tissue culture 
plates and incubated for 5 hours at 37 D C. Following 
incubation, 500 jil of 20% FB5 OMEM raedia ilOO ral FBS, 55 
mg sodium pyruvate and 14 6 mg L-glutantine in 500 ml DMEM) 
was added to each well and the cells were incubated 
overnight. 

The secretion trap screen was performed us,£ng 
biotinylated, FIAG-tagged ztnf4. The cells were rinsed 
with PBS and' fixed for 15 minutes with l.B% formaldehyde 
in PBS. The cells were then washed with TNT 10*1 M Tris- 
HC1, 0.15 M NaCI, and 0.05* Tween~2D in fyO) . Cells were 
permeated with 0,1% Triton-X in £B5 for 15 minutes 
followed by a wash in TNT, The cells were blocked for 1 
hour with TtfB (0*1 M Tris-HCl, 0.15 M NaCl end 0.5% 
'Blocking Reagent) using a N£ti Renaissance* TSA-tfirect Kit 
(HEN, Boston, KAJ according the manufacturer's 
instruction. The cells were washed with THT and blocked 
for 15 minutes with avidin and then biotin \ Vector Labs 
Cat* SP-2001) washing in-between with TKT. The cells 
were incubated for 1 hour with 1 fig/ml ztnf 4/Flag/Biofcin 
in TSB followed by a TKT wash. The cells were then 
incubated for one hour with a 1:300 dilution of 
streptavidin-KRP (KEN) in TKB, and washed with TKT. 
Hybridizations were detected with fluorescein tyramida 
reagent diluted 1:50 in dilution buffer -and 
incubated for 4*4 ntinutes and washed with TNT* Cells 
were preserved with Vectashield Mounting Media (Vector 
Labs, Burlingarae, CA) diluted 1;5 in TKT, 

The cells were visualized by fluorescent 
microscopy using a FITC filter* Twelve pools were 
positive for ztnf 4 binding* Pool DS (representing 1600 
clones^ was broken down and a single clone (DB-1), 
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positive for ztntA binding, was isolated. Sequencing 
analysis revealed clqne, contained a polypeptide 

sequence which encoded an isoform of TACI, in which the 
Fhe21~Arg67 first cysteine-rich pseudo repeat of TACI was 
5 replaced by a single amino acid residue, tryptophan. 
This isoform was designated BR43x2, the polynucleotide 
sequence of which is presented in SSQ 10 N0:1* 

Example 2 

10 Localization o£ BR43xl (TACI} in Lymphocytes and 

Q Honocytes 

1 9 

r 3 Reverse transcriptase PCR was used to localize 

gj BR43xl (TACI) expression in T and B cells and monocytes. 

m 15 Oligonucleotide primers ZC199B0 (SEO ID NO: 13) and 
Ui &C19991 (SEQ ID HO: 14) ware used to screen CD19\ CD3* and 

1, monocyte cDWA for BR43. the reverse transcriptase 

U * reaction was carried out at 94°C for 3 minutes, followed 

^ by 30 cycles at 94°C for 30 seconds, 68°C for 2 tninutes 

$ 20 and 72°C for 1 minute, followed by a 7 minute extension 
at 72°C. A band of the expected size r 720 bp, was 
detected in B cells only and not in activated T cells as 
had been reported for TACI using antibodies {von Billow 
and Bram, ibid. ) * 
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Example., 3 

B cell Proliferation Assay using the BR43 Llgand £tnf4 
(neutrokine a) 



A vial containing 1 x 10* frozen, apheresed 
peripheral blood mononuclear cells IPBMCs) was quickly 
thawed in 37 °C water bath and resuspended in 25 ml B cell 
aieditun (Iscove's Modified Dulbecco's Medium, 101 heat 
35 inactivated fetal bovine serum r 5% L-glu tannine, S% 
Pen/Strep) in a 50 ml tube. Cells were tested for 
viability using Trypan Blue (GIBCO BR1, Gaithersburg, 
MB). Ten milliliters of Ficoil/fiypague Plus (Pharmacia 
LKB Biotechnology Inc., Piscataway, HJ) was layered under 
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ceil suspension and spun for 30 minutes at 1&0Q rpm and 
allcw&d to stop with the brake off. The interphase layer 
was then removed and transferred to a fresh 50 ml tube, 
brought up to a final volume of 40 ml with PBS and spun 
for 10 minutes at 1200 rpm with the brake on. The 
viability of the isolated B cells was tested using Trypan 
Blue. the B cells were resuspended at a final 
concentration of 1 x 10 fi cells/ml in a cell medium and 
plated at 1B0 ui/well in a 9& well 0 bottom" plate 
(Falcon, VtfR, Seattle, HA)- 

To the cell3 were added one of the following 
stimulators to bring the final volume to 200 ml/veil: 

Soluble, FLAG-tagged rtnf~4scr or *tnf-<SsNF, at 
10 fold dilutions frbm 1 mg-1 ng/ml either alone, with 10 
ug/ml anti-IgM [goat anti Human IgH) diluted in NaHjCO*, 
ph 9-5, {Southern Biotechnology Associates, iric, 
Birmingham, Ai) ; or with 10 ug/ml anti*-IgM f and 10 ng/ml 
recombinant human IL4 {diluted in PBS and 0.1* BSA} . 
Additionally, other cytokines such as IL-3 and 1L-6 a3 
well as a soluble C040 (SCD40) antibody (Pbarmingen, San 
Diego, CAJ were tested as well. As a control the cells 
incubated with 0.1% bovine serum albumen (BSA) and PBS, 
10 ug/ml anti-IgM or 10 ug/ml anti-IgH and 10 ng/ml 3L4 
for other cytokines). The cells were then incubated at 
37°C in a humidified incubator for 72 hours. Sixteen 
hours prior to harvesting, 1 pCi 3 H thymidine was added 
to all wells. The cells were harvested into a 96 well 
filter plate (UnlFilter GF/C, Packard, Merlden, CT) were 
they harvested using a cell harvester (Packard) and 
collected according to manufacturer's instructions. The 
plates were dried at 55<>C for 20-30 minutes and the 
bottom of the wells were sealed with an opague plate 
sealer. To each well was added 0.25 ml of scintillation 
fluid IMicroscint-O, Packard) and the plate was read 
using a TopCount Microplate Scintillation Counter 
(Packard) . 
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To measure induction of IgG production in 
response to various B cell mitogens following stimulation 
of purified B cells, cells were prepared as described and 
incubated for 9 days. The cell supernatant was collected 
to determine IgG production. 

To measure cell surface marker activation in 
response to various B cell mitogens following stimulation 
of purified B cells, cells were prepared as described 
above but incubated only 48 hours. Cell surface markers 
were measured by FACS analysis. 

Proliferation of human purified S cells 
stimulated with the various B cell mitogens is suiiuuarized 
ijv Table 5; 

Table 5 

Stimulus Proliferative Index 

ztnf4 (neutrotine a) 1-5 
*tnf4 + IL4 5.9 
ztnU + anti-IgM + XL4 15.6 

A synergistic affect of ztnU (neutroitine a) 
with IL4, 11*3 (10 ng/ml) and IL6 (10 ug/ml) was seen on B 
cell proliferation. A two fold increase in B cell 
signaling was seen when using stD4Q. 

Induction of IgG production (ng/mU in response 
to various B cell mitogens following stimulation • of 
purified B cells is summarized in Table S, 

Table 5 

Stimulus Control Ztaf4 

[neutrotine a) 

anti-IgH 3 . 7*5 

anti-IgH * 11-4 13 32 

anti-IgH +■ IL-fl + XL-S 10 45 

7m increase in cell surface activation markers 
after stimulation of purified B ceils with ztnf4 
[neutrokine a) alone, or with anti-IgH or anti-IgM * lh-1 
was seen. There was no effect on the proliferation* of 
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PBMMCs in the presence of optinial or suboptimal T cell 
mitogens. Also, no affect on TNFa production was seen in 
purified monocytes in response to LPS stimulation. 

from the foregoing r it will be appreciated 
that, although specific embodiments of the invention have 
been described herein for purposes of illustration, 
various modifications may be made without deviating from 
the spirit and scope of the invention. Accordingly r the 
invention is not limited except as by the appended 
claims . 
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CLAIMS 

We claim: 

1. to isolated polynucleotide molecule encoding a 
polypeptide having the -sequence of SEQ ID HO: 4. 

2. An isolated polypeptide having the sequence of 

.3 4 A method of inhibiting neutrokine a activity 
in a mammal comprising administering to said manual an amount 
jH of a compound selected frora the group consisting oft 

^ a) a polypeptide of SEQ ID N0:4; 

W b) a polypeptide of SEQ ID H0;8; 

jjj c) a fusion protein; 

i dj a polypeptide of SEQ 10 NO; 5 from amino acid 

jJJ residue 1 to residue 166; 

Q e) a polypeptide of SEQ ID NO: 6 from amino acid 

)j residue 1 to residue 150; 

£ f) an antibody or antibody fragment which 

specifically binds to a polypeptide of SEQ ID NOi4; and 

g} an antibody or antibody fragment which 
specifically binds to a polypeptide of SEQ ID flO:B. 
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SOLUBLE RECEPTOR BR43x2 

ABSTRACT OF THE DISCLOSURE 

Soluble, secreted tumor necrosis factor receptor 
polypeptides, polynucleotides encoding the polypeptides, and 
related compositions and methods are disclosed. The 
polypeptides comprise one cysteine-rich repeat that is 
hatrologouB to other tumor necrosis factor receptors, such as 
transmembrane activator and -CAML-interactor (TACI) . The 
polypeptides may be used for detecting ligands, agonists and 
antagonists. The polypeptides may also be used in methods 
that modulate B cell activation. 
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SEQUENCE LISTING 

<U0> Gross, Jane 
Xu, Wenfeng 
Hadden. Karen 
Yee, David 

<12D> Soluble Receptor BR43x2 

<13D> 9B-75X 

k0 <16G> 14 

n 

iU <i70> FastSEQ for Windows Version 3.0 
HJ 

jjj <210> 1 

y <2U> U92 

Uj <212> DHA 

1 <Zl> Homo sapiens 
0 

^ <220> 

2 <221> CDS 

^ <222> (6)...t746) 



<40O 1 

gagta atg agt ggc ctg ggc egg m m eg* ggt ggc egg age cgt gtg 
Net Ser Gly Leu Gly Arg Set Arg Arg Gly Gly Arg Ser Arg Val 
15 10 15 

gat tag gag gag cgc tgg tea etc age tgc cgc aag g&g caa ggc aag 
Asp Gin Glu Glu Arg Trp Ser Leu Ser Cys Arg Lys Glu Gin Gly Lys , 
20 2& 3 & 

ttc tat gac cat etc ctg agg gac tgc ate age tgt gec tec ate tgt 
Pbe Tyr Asp His Leu Leu Arg Asp Cys He Ser Cys Ala Ser lie Cys 
35 40 '45 

gga cag cac cct aag caa tgt gca tac ttc tgt gag aac aag etc agg 
Gly Gin His Pro Lys Gin Cys Ala Tyr Phe Cys Glu Asn Lys Leu Arg 
50 55 60 
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9S 



146 



194 



age cca gtg aac ctt cca cca gag etc agg aga cag egg agt gga gaa 242 
Ser Pro Val Asn Leu Pro Pro Glu Leu Arg Arg Gin Arg Ser Gly Glu 
65 70 75 



gtt gaa aac aat tea gac aec teg gga agg tat m gga ttg gag cac 290 
Val Glu Asn Asn Ser Asp Asn Ser Gly Arg Tyr Gin Sly Leu Glu His 
80 85 90 95 

aga ggc tea gaa gca agt cca get etc ccg ggg etg aag ctg agt gca 33& 
Arg Gly Ser Glu Ala Ser Pro Ala Leu Pro Gly Leu Lys Leu Ser Ala 
100 1QB 110 

gat cag gtg gee ctg gtc tac age acg ctg ggg etc tgc ctg tgt gec 396 
Asp Gin Val Ala Leu Val Tyr Ser Tbr Leu Gly Leu Cys Leu Cys Ala 
115 120 125 

k ,n gtc etc tgc tgc ttc ctg gtg gcg gtg gee tgc ttc etc aag aag agg 434 
Val Leu Cys Cys Phe Leu Val Ala Va] AT a Cys Phe Leu Lys Lys Arg 
TO 130 135 140 

flJ 

|j! ggg gat ccc tgc tec tgc cag ccc cgc tea agg ccc cgt caa agt ccg 482 
nj Gly Asp Pro Cys Ser Cys Gin Pro Arg Ser Arg Pro Arg Gin Ser Pro 
£j 145 15D 155 

* 

0 gec aag tct tec cag gat cac gcg atg gaa gec ggc age cct gtg age - 530 

^ Ala Lys Ser Ser Gin Asp His Ala Met Glu Ah Gly Ser Pro Val Ser 

jjj 160 165 170 175 

Jrj aca, tec ccc gag cca gtg gag act tgc age ttc tgc ttc cct gag tgc 

Thr Ser Pro Glu Pro Val Glu Tfcr Cys Ser Phe Cys Phe Pro Glu Cys 
180 IBS 190 
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agg gcg ccc acg cag gag age gca gtc acg cct .ggg ace ccc gac ccc 626 
Arg Ala Pro Thr Gin Glu Ser AU Val Thr Pro Gly Thr Pro Asp Pro 
195 Z0Q 205 

act tgt get gga agg tgg ggg tgc cac ace agg acc aca gtc ctg cag 674 
Thr Cys Ala Gly Arg Trp Gly Cys His Ihr Arg Thr Thr Val Leu Gin 
210 215 220 

cct tgc cca cac ate cca gac agt ggc ctt ggc att gtg tgt gtg cct 722 
Pro Cys Pro His lie Pro Asp Ser Gly Leu Gly He Val Cys Val Pro 
225 230 235 

gec cag gag ggg ggc cca ggt gca taaatggggg tcagggaggg aaaggaggag 775 
Ala Gin Glu Gly Gly Pro Gly Ala 
240 245 

ggagagagat ggagaggagg ggagagagaa agagaggtgg ggagagggga gagagatetg 835 
aggagagaga gacagaggag gcagagaggg agagaaacag aggagacaga gagggagaga B96 
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gagacagagg gagagagaga eagaggggaa gagaggcaga gagggaaaga ggcagagaag 955 

gaaagaggca gagagggaga gaggcagaga gggagagagg cagagagaca gagagggaga 1016 

gagggacaga gagagataga gcaggaggtc ggggcactct sagtcctagt tcccagtgca 1076 

gctgtaggtc gtcatcacct aaccacacgt gcaataaagt cctcgtgcxt gctgctcaca 1136 

gcccccgaga gccctttctc ctggagaata aaacctttgg cagctgccct tcctca 1192 



ru 
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c. 






<211> 


cm 








ODT 

rKl 






<213> 


Homo sapiens 








2 






Met Ser Gly 


Leu Gly Arg Ser 


Arg Arg Gly Gly Arg 


Car* f\T-n ftc rs 
jer /iry Va 1 /\5p 


1 




in 




Gin Glu Glu 


Arg Trp Ser Leu 


ser tys ,Arg tys biu 


bin biy Lys rne 




20 


at 


JU 


Tyr Asp His 


Leu Leu Arg- Asp 


cys ue aer tys Aia 


Crt»» Tl a fur- (I'll* 

ier lie tys uiy 


35 








Gin His Pro 


Lys bfn tys /ua 


Ttrt* DVlH flip CTil ftrri 

jyr rne lys uiu ash 


|_/5 LEU HTy ier 


50 


55 


60 




Pro Val Asn 


Leu Pro Pro Glu 


Leu Arg Arg Gin Arg 


Ser Gly Glu Val 


55 


70 


75 


30 


Glu Asn Asn 


Ser Asp Asn Ser 


Gly Arg Tyr Gin Gly 


Leu Glu His Arg 




85 


90 


95 


61 j Ser Glu 


Ala Ser Pro Ala 


Leu Pro Gly Leu Lys 


Leu Ser Ala Asp 




10O 


105 


110 


Gin Val Ala 


Leu Val Tyr Ser 


Thr Leu Gly Leu Cys 


Leu Cys Ala Val 


115 




120 


125 


Leu Cys Cys 


Phe leu Val Ala 


Val Ala Cys Phe Leu 


Lys tys Arg Gly 


130 


135 


140 




Asp Pro Cys 


Ser Cys Gin Pro 


Arg Ser Arg Pro Arg 


Gin Ser Pro Ala 


145 


150 


155 


160 


Lys Ser Ser 


Gin Asp His Ala 


Het Glu Ala Gly Ser 


Pro Val Ser Thr 


165 


170 


175 


Ser Pro Glu 


Pro Val Glu Thr 


Cys Ser Phe Cys Phe 


Pro Glu Cys Arg 




100 


185 


190 


Ala Pro Ihr 


Gin Glu Ser Ala 


Val Thr Pro Gly Thr 


Pro Asp Pro Thr 


195 




200 


205 


Cys Ala Gly 


Arg Trp Gly Cys 


His Thr Arg Thr Thr 


Val Leu Gin Pro 


. 210 


215 


220 




Cys Pro His 


He Pro Asp Ser 


Gly Leu Gly He Val 


Cys Val Pro Ala 


225 


230 


235 


240 


Gin Glu Gly 


Gly Pro Gly Ala 








H45 







<210 3 



<2i2> m 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> <1).,, (350) 

<400> 3 

atg agt ggc ctg ggc egg age agg cga ggt ggc egg age cgt gtg gac ^ 48 

Met Ser Sly Leu Gly Arg Ser Arg Arg Gly Gly Arg Ser Arg Val Asp 

1 5 10 15 

l~j tag gag gag cgc tgg tea etc age tgc cgc sag gag caa ggc aag ttc 96 
* y Gin Glu Glu Arg Trp Ser Leu Ser Cys Arg Lys Glu Gin Gly Lys Phe 

^ 20 25 30 

W tat gac cat etc ctg agg gac tgc ate age tgt gee tec ate tgt gga 144 

Tyr Asp His Leu Leu Arg Asp Cys lie Ser Cys Ala Ser lie tys Gly 
35 40 45 



W 



0 
h* 

CJ cag cac cct aag eaa tgt gca tac ttc tgt gag sac aag etc agg age 192 

M Gin His Pro Lys Sin Cys Ala Tyr Pbe Cys Glu Asn Lys Leu Arg Ser 

5Q 55 $0 

. cca gtg aac ctt cca cca gag etc agg aga cag egg agt gga gaa gtt 240 
Pro Val Asn Ley Pro Pro Glu Leu Arg Arg Gin Arg Ser Gly Glu Val 
65 70 75 60 

gaa aac aat tea. gac aac teg gga agg tac caa gga ttg gag cac aga 288 
Glu Asn Asn Ser Asp Asn Ser Gly Arg Tyr Gin Gly Leu Glu His Arg 
85 90 95 

ggc tea gaa gca agt cca get etc ccg ggg ctg aag ctg agt gca gat 335 
k Gly Ser Glu Ala Ser Pro Ala Leu Pro Gly Leu Lys Leu Ser Ala Asp 

P- 100 105 110 

cag gtg gec ctg gtc tac age acg 360 
Gin Val Ala Leu Val Tyr Ser Thr 
115 120 



<210> 4 
<ZiI> 120 
<212> PRT 
<213> Homo sapiens 



s 



c4D0> 4 

Met Ser Gly Leu Gly Arg Ser Art? Arq Gly Gly Arq Ser Arg Val Asp 
1 5 10 15 

Gin Glu Glu Arg Trp Ser Leu Ser Cys Arg Lys Glu Gin Gly Lys Phe 

20 25 30 

Tyr Asp His Leu Leu Arg Asp Cys He Ser Cys Ala Ser He Cys Gly 

35 40 45 

Gin His Pro Lys Gin Cys Ala Tyr Phe Cys Glu Asn Lys Leu Arg Ser 

50 55 60 

Pro Val Asn Leu Pro Pro Glu Leu Arg Arg Gin Arg Ser Gly Glu Val 
65 70 75 &0 

_ Glu Asn Asn Ser Asp Asn Ser Gly Arg Tyr Gin Gly Leu Glu His Arg 

85 90 95 

rj Gly Ser Glu Ala Ser Pro Ala Leu Pro Gly Leu Lys Leu Ser Ala Asp 
fU 100 105 110 

^ Gin Val Ala Leu Val Tyr Ser Thr 

ft 115 120 

^ J <21G> 5 

q ^<2H> 199 

u <212> PRT 

Q <Z13> Homo sapiens 

M 

& <4GD> 5 

™ Het Ser Gly leu Gly Arg Ser Arg Arg Gly Gly Arg Ser Arg Val Asp 

15 10 15 

Gin Glu Glu Arg Phe Pro Gin Gly Leu Trp Thr Gly Val Ala Met Arg 

20 25 30 

Ser Cys Pro Glu Glu Gin Tyr Trp Asp Pro Leu leu Gly Thr Cys Met 

35 40 45 

Ser Cys Lys Thr He Cys Asn His Gin Ser Gin Arg Thr Cys Ala Ala 

50 55 60 

Phe Cys Arg Ser Leu Ser Cys Arg Lys Glu Gin Gly Lys Phe Tyr Asp 
* 65 70 75 80 

W His Leu Leu Arg Asp Cys He Ser Cys Ala Ser He Cys Gly Gin His 

85 90 95 

Pro Lys Gin Cys Ala Tyr Phe Cys Glu Asn Lys Leu Arg Ser Pro Va? 

100 IDS 110 

Asn Leu Pro Pro Glu Leu Arg Arg Gin Arg Ser Gly Glu Val Glu Asn 

115 120 125 

Asn Ser Asp Asn Ser Gly Arg Tyr Gin Gly Leu Glu His Arg Gly Ser 

130 135 140 

Glu Ala Ser Pro Ala Leu Pro Gly Leu Lys Leu Ser Ala Asp Gin Val 
145 150 155 160 

Ala Leu Val Tyr Ser Thr Leu Gly Leu Cys Leu Cys Ala Val Leu Cys 







165 




170 




175 


Cys 


Phe Leu 


Val Ala Val Ala Cys 


Phe 


Leu 


Lys Lys Arg Gly 


Asp Pro 






IBD 


IBS 




190 




Cys 


Ser Cys 


Gin Pro Arg Ser 












195 














<=ao> 


6 












<2Ii> 


184 












<212> 


PRT 












<2l> 


Homo sapiens 












<400> 


6 










Het 


Leu Gin 


Hat Ala Gly Gin Cys 


Ser 


Gin 


Asn Glu Tyr Phe 


Asp Ser 


1 




S 




10 




15 


Leu 


Leu His 


Ala Cys lie Pro Cys 


Gin 


Leu 


Arg Cys Ser Ser 


Asn Thr 






20 


25 




30 




Pro 


Pro Leu 


Thr Cys Gin Arg Tyr 


Cys 


Asn 


Ala Ser Val Thr 


Asn Ser 




35 


40 






45 




Val 


Lys Gly 


Thr Asn Ate He Leu 


Trp 


Thr 


Cys Leu Gly Leu 


Ser Leu 




50 


55' 






50 




lie 


lie Ser 


leu Ala Val Phe Val 


Leu 


Hat 


Phe Leu Leu Arg 


Lys lie 


55 




70 






75 


80 


Ser 


Ser Glu 


Pro Leu lys Asp Glu 


Phe 


Lys 


Asn Thr Gly Ser 


Gly Leu 






85 




90 




95 


Leu 


Gly Met 


Ala Asn He -Asp Leu 


Glu 


lys 


Ser Arg Thr Gly 


Asp Glu 






100 


IDS 




110 




He 


lie Leu 


Pro Arg Gly Leu Glu 


Tyr 


Thr 


Val Glu Glu Cys 


Thr Cys 




115 








125 




Glu 


Asp Cys 


lie Lys Ser Lys Pro 


lys 


Val 


Asp Ser Asp His 


Cys Phe 




130 


135 






140 




Pro 


Leu Pro 


Ala Met Glu Glu Gly 


Ala 


Thr 


lie Leu Val Thr 


Thr Lys 






150 






155 


160 


Thr 


Asn Asp 


Tyr Cys lys Ser Leu 


Pro 


Ala 


Ala Leu Ser Ala 


Thr Glu 






165 




17D 




175 


lie 


Glu Lys 


Ser lie Ser Ala Arg 














180 












<210> 


7 












<21> 


245 












<212> 


PRT 












<213> 


Homo sapiens 












<400> 


7 










Gly 


Arg Ser 


Arg Arg Gly Gly Arg 


Ser 


Arg 


Val Asp Gin Glu 


Glu Arg 


1 




5 




10 




15 


Phe 


Pro Gin 


Gly Leu Trp Thr Gly 


Val 


Ala 


Met Arg Ser Cys 


Pro Glu 



1 



20 25 30 

Glu Gin Tyr Trp Asp Pro Leu Leu Gly Thr Cys ttet Ser Cys Lys Thr 

35 40 45 

He Cys Ash His Gin Ser Gin Arg Thr Cys Ala Ala Phs Cys Arg Ser 

50 55 60 

Leu Ser Cys Arg Lys Glu Gin Gly tys Phe Tyr Asp His Leu Leu Arg 
65 70 75 BO 

Asp Cys lie Ser Cys Ala Ser lie Cys Gly Gin His Pro Lys Gin Cys 

B5 90 95 

Ala Tyr Phe Cys Glu Asn Lys Leu Arg Ser Pro Val Asn Leu Pro Pro 

100 105 no 

Glu Leu Arg Arg Gin Arg Ser Gly Glu Val Glu Asn Asn Ser Asp Asn 
115 120 125 

2§ Ser Gly Arg Tyr Gin Gly Leu Glu His Arg Gly Ser Glu Ala Ser Pro 
h 130 135 14D 

HI Ala Leu Pro Gly Leu Lys Leu Ser Ala Asp Gin Val Ala Leu Val Tyr 
H5 15Q 155 160 

H Ser Thr Leu Gly Leu Cys Leu Cys Ala Val Leu Cys Cys Phe Leu Val 
H 165 17D US 

Ala Val Ala Cys Phe Leu Lys Lys Arg Gly Asp Pro Cys Ser Cys Gin 
0 ISO 185 190 

K Pro Arg Ser Arg Pro Arg Gin Ser Pro Ala lys Ser Ser Gin Asp His 

Q 195 200 205 

^ Ala Met Glu Ala Gly Ser Pro Val Ser Thr Ser Pro Glu Pro Val Glu 

5 210 215 220 

Thr Cys Ser Phe Cys Phe Pro Glu Cys Arg Ala Pn> Thr Gin Glu Ser 
225 230 235 240 

Ala Val Thr Pro Gly 
245 

*ZIQ> 8 

<ai> 40 

<212> PRT 

<213> Hot If describing cysteArtlflclal Sequence 
<220> 

<223> Hotif describing cystefne-rlch pseudo-repeat 
domain 

<221> VARIANT 
<222> (U...IZ) 

<223> Each Xaa Is independently any amino add residue 
except cysteine, or absent 



<221> VARIANT 
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<122> (4)... (4) 

<22> Xaa is any amino acid residue except cysteine 
<m> VARIANT 

<22> Xaa is glutasaine. glutamic acod or lysine 

<221> VARIANT 
<2Z2> (6)... (6) 

<223> Xbb Is glutamne, glutamic add, lysine, 

asparagine. arginine, aspartic acid, histidine or 
serine 

<221> VARIANT 
<222> {?)„. (7) 

<22> Xaa is glutaraine or glutamic acid 

<22> variant 

<212> (B) ...19) 

<22> Each Xaa is independently any amino add residue 
except cysteine or absent 

<22\> VARIANT 
<222> Uuh^Ql) 

<22> Xaa is tyrosine, phenylalanine or tryptophan 

<m> variant 

<222> (13),..(13) 

<223> Xaa is any amino add residue except cysteine 

<221> VARIANT 
<222> U6).*.<17) 

<223> Each Xaa is independently any amino acid residue 
except cysteine 

<2Zl> VARIANT 
<2ZZ> 09)^(19) 

<22> Xaa 1s Isoleucine. methionine, leucine or valine 

<m> VARIANT 
<222> (20) ...(20) 

Xaa is any amino acid residue except cysteine 

<ZZl> VARIANT 
<222> (22)_(24) 

<223> Each Xaa is independently any amino acid residue 



except cysteine 



<2Z> VARIAHT 
<222> (26}... (31) 

<223> Each Xaa is independently any amino acid residue 
except cysteine 

<221> VARIANT 
<222> (32)... (33) 

<223> Each Xaa 1s independently any amino acid residue 
except cysteine or absent 

<221> VARIANT 
<222> (35),.. (36) 

<223> Each Xaa is independently any amino acid residue 
except cysteine 

<221> VARIANT 
<222> (37),.. (37) 

<22> Xaa 1s tyrosine or phenyalanine 

<221> VARIAKT 
<222> (39),., (40) 

<223> Each Xaa is independently any amino acid residue 
except cysteine, or absent 



<400> 8 

Xaa Xaa Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Asp Xaa leu Leu Xaa 
1 5 10 15 

Xaa Cys Xaa Xaa Cys Xaa Xaa Xaa Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa 

20 25 30 

Xaa Cys Xaa Xaa Xaa Cys Xaa Xaa 
35 40 



<210> 9 
<Z11> 360 
<212> DtfA 

<213> Artificial Sequence 
<22D> 

<223> Degenerate nucleotide sequence encoding the 
polypeptide of SEQ ID NG:4. 

<221> misc feature 
<222> (1). 7. (360) 

<223> Each N is independently any nucleotide. 
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<40G> 9, 

atgwsnggny tnggnmgnws nmgnnjgnggn ggnmgnwsnnj gngtngayca rgargarcagn 60 

tggwsnytrrrf sntgymgnaa rgarcarggn aarttytayg aycayytnyt nmgngaytgy 120 

athwsntgyg cnwsnathtg yggncarcay ccnaarcart gygcntaytt ytgygaraay 180 

aarytognw sntengtnaa yytnccnccn garytnmgnra gncarnpiws nggngargtn 240 

garaayaayw sngayaayws nggnsngr>tay carggnytng arcayrsgngg nwsngargcn 300 

wsnccngtny tnccnggnyt naarytnwsn goigaycarg tngcnytngt ntaywsnacn 360 

<210> 10 

<211> 741 
« <212> DNA 

^ <Zl> Artificial Sequence 

I- 

£t <223> Degenerate nucleotide sequence encoding the 

j(| polypeptide of SEQ ID WO: 2, 

Jf <221> raise feature 

0 <222> <Ih7.{471) 

M <223> Each H is independently any nucleotide 

a 

""J <4D0> 10 

^ atgwsnggny tnggrnngnws rongmugnggn ggmsgnwsnn) gngtngayca rgargarmgn 60 

a tggws^ytnw sntgymgnaa rgarcarggn aarttytayg aycayytnyt nmgngaytgy 120 

athwsntgyg cnwsnathtg yggncarcay ccnaarcart gygcntaytt ytgygaraay 180 

aarytnmgnw snccngtnaa yytnccnccn garytnmgnni gncanngnws nggngargtn ' 240 

garaayaayw sngayaayws nggnmgntay carggnytng art^yntgngg nwsngargcn 300 

wsnccngcny tnccnggnyt naarytnwsn gcngaycarg tngcnytngt ntaywsnacn 360 

ytnggnytnt gyytntgygc ngtnytntgy tgyttyytng tngcngtngc ntgyttyytn 420 

aaraaragng gngaycoitg ywsntgycar coiingnwsnm gnccnmgnca rwsnccngcn 480 

aarwsnwsnc argaycaygc natggargcn ggnwsnceng tnwsnacnws nccngarccn 540 

gtngaracnt gywsnttytg yttyccngar tgymgngcnc cnacncarga rwsngcngtn 6DD 

acnccnggna cnccngaycc nacntgygcn ggiwgntggg gntgycayac nmgnacnacn • 660 

^ gtnytncarc cntgyccnca yathccngay wsnggnytng gnathgtntg ygtnccngcn 720 

P cargarggng gnccnggngc n 741 

<21Q> 11 
<2U> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> FLAG affinity tag sequence 



<400> 11 



Asp Tyr Lys Asp Asp Asp Asp Lys 
I 5 



<Z1G> 12 
<211> 7 
<212> m 

<Zl> Artificial Sequence 
<220> 

<2£3> Glu-Gtu affinity tag 

<40D> 12 
Slu Glu T*r Hat Pro Met Glu 
1 • 5 

<Z1I> 13 
<2X> 24 
<212> DKA 

<213> Artificial Sequence 
<22D> 

<223> Oligonucleotide ZC199BD 



<40O 13 
tgaagagtag tactgggatc ctct 

<210> 14 
<2U> 23 
<212> DKA 

<215> Artificial Sequence 

<m> 

<223> Oligonucleotide ZC19981 

<40O 14 
gccaaggcca ctgtctggga tgt 
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POWER OF ATTORNEY: As a named inventor, 1 hereby appoint the following Bttomey(s) and/or agsnt(s) !d prosecute 
this apprcafon and transact aS business In the Paten! and Tradamaft Office connected lharewith. 
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Tad MSGLGRSRRG 

BR43X1 GRSRRG 

BR43X2 MSGLGRSRRG 

BCMA - 

Tad GRSRVOQEER FPQGLWTGVA mSCPEEQYW DPLL-GTCMS CKTICNHOSQ 

8R43X1 GRSRVOQEER FPQGLWTGVA MRSCPEEQYW DPLL-GTCMS CKTICNHEBQ 

BR43X2 GRSRVOQEER - 

BCHA MLQH AGQCSQNEYF DSLL-KACIP CQLRCSSNTP 

<— 1st cys repeat 

Tad -RTCAAFCRS L SC RKEQGKFYDH LL-RD-CISC ASICGQHPKQ 

BR43X1 -RTCAAFCRS L --SC RKEQGKFYDH LL-RD-CISC ASICGQHPKQ 

□ BR43X2 ----- WS L SC RKEQGKFYDH LL-RD-CISC ASICGQHPKQ 

fe-, BCHA PLTCQRYCNA SVTNSVKGTN AILWTCLGLS LIISLAVFVL MFLLRKISSE 

»(' > < 2nd cys repeat 

S Tad CAYFCENKLR SPVNLPPELR RQRSGEVENN SDNSGRYQGL EHRGSEASPA 

U BR43X1 CAYFCENKLR SPVNLPPELR RQRSGEVENN SDNSGRYQGL EHRGSEASPA 

' BR43X2 CAYFCENKLR SPVNLPPELR RQRSGEVENN SDNSGRYQGL EHRGSEASPA 

^ BCHA PLKDEFKNTG SGLLGMANID LEKSRTGDEI ILPRGLEYTV EECTCEDCIK 

O > 

M 

$ Tad LPGLKLSADQ VALVYSTLGL CLCAVLCCFL VAVACFLKKR GDPCSCQPRS 

BR43X1 LPGLKL5ADQ VALVYSTLGL CLCAVLCCFL VAVACFLKKR GDPCSCQPRS 

BR43X2 LPGLKLSADQ VALVYSTLGL CLCAVLCCFL VAVACFLKKR GDPCSCQPRS 

BCHA . SKPKVDSDHC FPLPAMEEGA TILVTTKTND YCKSLPAALS ATEIEKSISA 

<-- TACI/BR43 TH — -> 

Tad RPRQSPAKSS QDHAMEAGSP VSTSPEPVET CSFCFPECRA PTQESAVTPG 

BR43X1 RPRQSPAKSS QDHAMEAGSP VSTSPEPVET CSFCFPECRA PTQESAVTPG 

. BR43X2 RPRQSPAKSS QDHAMEAGSP VSTSPEPVET CSFCFPECRA PTQESAVTPG 

R— - 



Tad TPDPTCAGRW GCHTRTTVLQ PCPHIPDSGL GIVCVPAQEG GPGA-- 

BR43X1 TPDPTCAGRW GCHTRTTVLQ PCPHIPDSGL GIVCVPAQEG GPGA-- 

BR43X2 TPDPTCAGRW GCHTRTTVLQ PCPHIPDSGL GIVCVPAQEG GPGA-- 

BCHA - 

FIGURE 



